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EXECUTIVE SUMMARY 

Aquatic Exposure Units (AEUs) represent a logical framework for evaluating risks to 
populations of aquatic receptors from exposure to surface water and sediment within 
aquatic systems at the Rocky Flats Environmental Technology Site (RFETS). Seven 
AEUs were defined through the consultative process with the regulatory agencies 
(Figure 1.1). This report presents the Ecological Risk Assessment (ERA) for three of the 
Aquatic AEUs located at RFETS: North Walnut Creek AEU (NW AEU), South Walnut 
Creek AEU (SW AEU), and Woman Creek AEU (WC AEU). Volume 15B2 includes 
additional characterization and sampling that was completed as part of a pond-specific 
study. These results were integrated into the data sets evaluated as part of this effort, and 
the pond-specific findings are also encompassed within this report. The ERA for the other 
four AEUs (No Name Gulch AEU [NN AEU], Rock Creek AEU [RC AEU], McKay 
Ditch AEU [MK AEU], and Southeast Area AEU [SE AEU]) is presented in 
Volume 15B 1.  

Aquatic habitats at RFETS have been highly modified over the years by the diversion and 
impoundment of water, which occurred historically for agricultural use and more recently 
for water control. Prior to agricultural development, Walnut Creek and Woman Creek 
were seasonally intermittent streams fed primarily by snowmelt and runoff. Aquatic 
communities were limited by both the periodic lack of flows and generally low flows. 
Reliable surface flows occurred only near seeps and springs (DOE 1996). 

The ERA methods are described in detail in the Final CRA Work Plan and Methodology 
(DOE 2005), hereafter referred to as the CRA Methodology. The anticipated future land 
use of RFETS is a wildlife refuge and, consequently, the ephemeral drainages within 
RFETS represent the aquatic habitat of the refuge. A variety of representative aquatic 
receptors were evaluated in the ERA, including fish, aquatic invertebrates, and aquatic 
plants. Waterfowl and wading birds were not evaluated as part of this assessment. 
However, the results of the 1996 DOE waterfowl and wading bird evaluation were used 
as a line of evidence within the overall risk charactization for the AEUs. 

The overall risk management goal identified for developing this ERA is that residual 
contamination should not represent significant risk of adverse ecological effects to 
receptors. For the AEU aquatic species, the assessment endpoints for this goal included 
the prevention of adverse effects on populations due to lethal, mutagenic, reproductive, 
systemic, or general toxic effects associated with site contaminants. These assessment 
endpoints were evaluated by comparing measured contaminant concentrations in surface 
water and sediment first to ecological screening levels (ESLs), which represent media ' 

concentrations at which minimal to no effects are predicted. Risks were further evaluated 
using alternative toxicity values. In addition, potential effects on pond communities were 
assessed by integrating contaminant exposure results with a spatial analysis to determine 
whether contaminants represented depositional areas such as ponds in those habitats. 

ES- 1 
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Sampling data for the following media were used for the AEU ERA: 

Surface water; 

Sediment; and 

Surface soil in close proximity to wetted channels or ponds (a potential future 
source from where contaminants might migrate to the channel or pond). 

The ecological contaminants of potential concern (ECOPC) identification process for the 
ERA examined ecological contaminants of interest (ECOIs) that were present in AEU 
surface water and sediment through a sequential, multi-step process. For the ECOPC 
process, data derived from samples gathered since June 28, 1991, to present were relied 
upon. In addition, sediment samples collected from all depth fractions were evaluated. 
Surface soil was evaluated as a line of evidence within the risk characterization, and not 
within the ECOPC selection process. 

As the first step in the ECOPC process, the maximum detected concentrations (MDCs) of 
ECOIs were screened against ESLs. ECOIs without ESLs were considered to be 
contaminants of uncertain toxicity, and are discussed further in the uncertainty section. A 
toxicity equivalent (TEQ) concentration using toxicity equivalency factors (TEFs) was 
calculated for dioxins, and a total PCB value per sample was calculated for the ECOPC 
screen. 

The ECOPC selection process continued with the exclusion of contaminants with a 
detection frequency of less than 5 percent and, subsequently, with concentrations not 
significantly different from background. Infrequently detected ECOIs and those with 
concentrations not greater than background were determined not to pose a potential for 
risk to aquatic receptors. The next step of the ECOPC selection process compared the 
exposure point concentration (EPC), represented by the 95th upper tolerance limit (UTL) 
(95th upper confidence limit [UCL] of the 90th percentile), to the ESL. ECOIs were 
determined to pose no risks'if an EPC is less than the ESL. These ECOIs were mapped to 
determine if ESL exceedances might be spatially grouped in depositional areas such as 
ponds. No such grouping of elevated concentrations was identified in depositional areas, 
and all ECOIs with low detection frequencies, or those with EPCs less than the ESL, 
were concluded to pose no significant risk to aquatic receptors. 

- 

The final ECOPC selection step in the CRA Methodology was a professional judgment 
evaluation of each remaining ECOI. However, this step was not applied to the AEU 
ECOPC process. Therefore, all ECOIs retained to this point were identified as ECOPCs 
for further consideration within the risk characterization. 

The ECOPC identification results are summarized in Tables ES.1 and ES.2 for surface 
water and sediment, respectively. The following ECOPCs were carried forward for 
further evaluation in the risk characterization: 

Aluminum (total), ammonia, cadmium (dissolved), cyanide, lithium (total), silver 
(dissolved), vanadium (total), Aroclor-1254, and radium-228 in surface water at 
the NW AEU; 

DENIE032005011 .DOC ES-2 
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0 Aluminum, antimony, barium, cadmium, copper, fluoride, iron, lead, manganese, 
mercury, nickel, selenium, silver, zinc, 2-methylnaphthalene7 4,4’-DDT, 
acenaphthene, anthracene, Aroclor- 1254, atrazine, benzo(a)anthracene, 
benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, carbazole, chrysene, 
dibenz(a,h)anthracene, fluoranthene, fluorene, indeno( 1 ,2,3-cd)pyrene7 
naphthalene, phenanthrene, pyrene, TEQ dioxins and total PCBs in sediment at 
the N W  AEU; r 

Ammonia, cadmium (dissolved), cyanide, silver (dissolved), and 4,4’-DDT in 
surface water at the SW AEU; 

Aluminum, antimony, barium, cadmium, copper, fluoride, lead, silver, zinc, 
acenaphthene, anthracene, Aroclor-1254, Aroclor-1260, benzo(a)anthracene, 
benzo(a)p$rene, benzo(g,h,i)peryIene, benzo(k)fluoranthene, bromomethane, 
carbazole, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, 
indeno( 1 ,2,3-cd)pyrene7 phenanthrene, pyrene, and total PCBs in sediment at the 
SW AEU; 

Ammonia, cadmium (dissolved), and silver (dissolved) in surface water at the 
WC AEU; and 

Aluminum, antimony,barium, cadmium, copper, fluoride, iron, lead, mercury, 
nickel, selenium, silver, zinc, 4-methylphenol, acenaphthene, anthracene, Aroclor- 
1254, benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 
benzo(k)fluoranthene, chrysene, fluoranthene, heptachlor, indeno( 1,2,3- 
cd)pyrene, phenanthrene, pyrene, TEQ dioxins and total PCBs in sediment at the 
wc AEU. 

The risk characterization process involved multiple lines of evidence, each of which 
evaluated the potential for risk to aquatic receptors from individual ECOPCs and which, 
together, provided an overall risk conclusion for each ECOPC. Contaminant lines of 
evidence (LOE) included a hazard quotient (HQ) assessment using the ESLs or site- 
specific refined ESLs (i.e., hardness-dependent ambient water quality criterion for 
divalent metals), followed by a screening against additional, literature-derived alternative 
toxicity (AT) values. Several statistical measures ( e g ,  95 UCLs) were also considered as 
EPCs in the risk characterization contaminant evaluation to provide a measure of the 
magnitude of the potential for risk. In addition, the frequency of exceedance was 
evaluated and the spatial extent of contamination was depicted to determine the extent of 
ECOPC occurrence within specific aquatic habitats. Through the spatial evaluation, it 
was found that sample results could occur outside true aquatic habitat settings (such as 
within storm channels, drains or isolated pockets of water or sediment) therefore the 
exposure to aquatic life would be limited. Further evaluation of refined data sets such as 
‘post-1999’ surface water and surface sediment (0 - 6-inch depth) provided lines of 
evidence describing current and more realistic exposure conditions. A conservative 
evaluation of adjacent surface soils was also completed in order to determine the 
potential future sediment exposure condition. All of the above comprise the various lines 
of evidence integrated within the chemical risk characterization. 
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A pond-specific evaluation was also conducted in order to understand contaminant risks 
associated within ponds A-1, A-2, A-3, A-4, and A-5 (within the NW AEU), B-4 and B-5 
(within the SW AEU), and C-1 and C-2 (within the WC MU). The pond evaluation 
focused on an assessment of contaminant risks associated with surface sediment. Results 
were used as a chemical LOE for this evaluation, and as a component of the MSS NE-1 
closure assessment. 

The risk characterization continued by reviewing drainage-specific conclusions from 
previous studies at RFETS. These additional LOE included studies of tissue analyses, 
aquatic population studies, toxicity bioassays, waterfowl and wading bird exposure 
studies, and contaminant loading analyses. The specific studies used for this ERA are 
described in Attachment 7. The combination of findings from the contaminant risk 
characterization and drainage-specific LOE constitute the weight-of-evidence approach to 
this ERA. * 

The weight of evidence (WOE) process is applied within the risk characterization and 
represents the integrated conclusions from each of the LOEs used in risk characterization. 
Those basic types of LOEs include contaminant toxicity and exposure information as 
well as drainage-specific studies on aquatic populations, communities, and habitat . 

characteristics. 

Overall WOE conclusions are based on best professional judgment using the 
preponderance of evidence. If risk conclusions were in disagreement, the multiple LOEs 
were balanced against each other with weights assigned based on the certainty of the risk 
characterization. Lower confidence was given to risks driven by single LOEs, while the 
greatest confidence was given to those conclusions with supportive, multiple LOEs. 
Greater weight was also given to LOEs that evaluate the habitat and biological conditions 
onsite, as opposed to chemical LOEs based on modeled calculations with high 
uncertainty. 

The specific LOEs used in the conclusions are as follows: 

Chemical 

Comparisons of media-specific concentration profiles to ESLs and ATs. 
(including magnitude of HQs); 

Frequency of exceedances as compared to ESLs; and 

Spatial and temporal pattern of contamination and exceedances. 

Biological and Habitat 

Hydrology of drainage; 

Toxicity studies; and 

Diversity and abundance characterizations. 
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Findings for specific AEUs are discussed below. 

NWAEU 
0 

There were nine surface water ECOPCs (seven inorganics, one organic, and one 
radionuclide) and 35 sediment ECOPCs (14 inorganic and 21 organic) evaluated using 
multiple LOEs within the contaminant risk characterization. 

Conclusions for the NW AEU can be summarized as follows: 

Magnitude of ESL or AT exceedances: 

Most surface water contaminants showed low magnitude HQs for either primary 
ESLs or ATs. The only exceptions were aluminum in a range of uncertainty and 
PCBs because of detection limits being higher than benchmarks. 

Sediment ESL-HQs were generally low ( 4 0 )  for UTL and UCL-EPCs except for 
antimony, fluoride, 4-methylphenol, acenaphthene, benzo(g,h,i)perylene, and 
indeno( 1 ,2,3-cd)pyrene7 and were less than 5 for all UTL and UCL comparisons 
to AT benchmarks except antimony and acenaphthene which were less than 10. 

Spatial Distribution: 

Most surface water contaminants were primarily found outside the primary 
aquatic habitats (stream channels and ponds) and within stormwater channels and 
other non-habitat areas. Ammonia was widely scattered. Only selenium, silver, 
and vanadium were clustered in aquatic habitats. 

0 

Most sediment contaminants were widely dispersed and rarely concentrated in 
aquatic habitat areas. Further pond-specific analysis eliminated the spatial concern 
these chemicals demonstrated. Most were at nondetect or less than ESL 
concentrations within surface sediment indicating a low risk concern. 

Frequency of Exceedances: 

Almost all surface water contaminants had a very low frequency of HQ 
exceedances. Aluminum, ammonium, vanadium, and radium-228 were notable 
exceptions. 

Most sediment ECOPCs had fewer than 20 percent of samples (detected) 
exceeding their ESL, except for fluoride, zinc, acenaphthene, anthracene, atrazine, 
benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, carbazole, chrysene, 
fluoranthene, indeno( 1 ,2,3-cd)pyrene7 phenanthrene, and pyrene. 

Change in Exceedances Over Time: 

Almost all contaminants have improved in concentrations in surface water over 
time; none have increased, but silver was approximately unchanged. 
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Surface sediment MDCs were generally not different from the comprehensive sediment 
database ESLs and did not influence the potential for risk. In only a few cases were the, 
MDCs lower in surface sediments (aluminum, arsenic, barium, cadmium, nickel, 
naphthalene, and Aroclor-1254). 

Drainage-specific habitat and ecological studies: 

Previous studies indicate that aquatic life within the NW AEU is primarily 
affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

Toxicity was not observed in pond sediment bioassays, indicating that PAHs, 
PCBs, and metals do not pose a potential for risk in pond habitat. 

Fish tissue residues were below toxicity thresholds for'PCBs. 

Benthic macroinvertebrate communities were healthy. 

In summary, the conclusions gathered from the risk characterization indicates that there is 
no significant potential for risk to the aquatic populations within the NW AEU. The 
evidence suggests and that the seasonal hydrologic regime and local topography were 
most important in determining the makeup of the local aquatic communities and in 
mitigating the small potential for chemical-based risk. The lack of toxicity in pond 
sediment bioassays also had a strong line of evidence within this evaluation. 

SWAEU 

There were five surface water ECOPCs (four inorganics and one organic chemical) and 
27 sediment ECOPCs (nine inorganic and 18 organics) evaluated using multiple LOEs 
within the contaminant risk characterization. 

Conclusions for the SW AEU can be summarized as follows: 

Magnitude of ESL or AT exceedances: 

All surface water contaminants showed low-magnitude HQs for either primary 
ESIs or ATs, with the possible exception of ammonia. 

Sediment ESLHQs were generally low ( 4 0 )  for UTL and UCL-EPCs except for 
fluoride, acenaphthene, benzo(g,h,i)perylene, carbazole, dibenz(a,h)anthracene, 
indeno( 172,3-cd)pyrene, Aroclor-1254, and Aroclor-1260, and were less than 5 for 
all UTL and UCL comparisons to AT benchmarks. 

DENE03200501 I . D o c  ES-6 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 1SB2 
Aquatic Exposure Units 

Spatial Distribution: 

Most surface water contaminants were minimally distributed and unclustered. 
0 

Only ammonia and silver were found in aquatic habitats representing media with 
potentially complete exposure pathways, rather than off-channel puddles and 
ephemeral pools. 

Most sediment contaminants were associated with the portion of the AEU that 
overlaps the Industrial Area (IA). Certain ECOPCs were concentrated in ponds; 
however, the pond-specific analysis of surface sediment often found that few 
elevated concentrations were present. Most were at nondetect or less than ESL 
concentrations within surface sediment, indicating a low risk concern. 

Frequency of Exceedances: 

Four of the five surface water contaminants had a very low frequency of HQ 
exceedances. Ammonia more commonly exceeded benchmarks. 

Most sediment ECOPCs had fewer than 20 percent of samples (detected) 
exceeding their ESL, except for fluoride, zinc, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(g,h,i)perylene, carbazole, chrysene, fluoranthene, 
indeno( 1 ,2,3-cd)pyrene7 Aroclor- 1254, phenanthrene, and pyrene. 

Change in Exceedances Over Time: 

Most surface water constituents have decreased in concentration in recently- 
collected samples, including ammonia. Recent changes in 4,4'-DDT 
concentrations are unknown due to the lack of recent data. 

0 

Surface sediment MDCs were generally not different from the comprehensive sediment 
database ESLs and did not influence the potential for risk. In only a few cases were the 
MDCs lower in surface sediments (cadmium, silver, and indenoil ,2,3-cd)pyrene). 

Drainage-specific habitat and ecological studies: 

Previous studies indicate that aquatic life within the SW AEU is primarily 
affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

' Toxicity was not observed in pond sediment bioassays, indicating that PAHs, 
PCBs, and metals do not pose a potential for risk in pond habitat. 

Fish tissue residues were below toxicity thresholds for PCBs. 
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Benthic macroinvertebrate communities were healthy. 

In summary, the conclusions gathered from the risk characterization indicates that there is 
no significant potential for risk to the aquatic populations within the SW AEU and that 
the seasonal hydrologic regime and local topography were most important in determining 
the makeup of the local aquatic communities and in mitigating the small potential for 
chemical-based risk. The lack of toxicity in pond sediment bioassays also had a strong 
line of evidence in this evaluation. 

WCAEU 

There were three surface water ECOPCs (all inorganic) and 29 sediment ECOPCs (13 
inorganic and 16 organic) evaluated using multiple LOEs within the contaminant risk 
characterization. 

Conclusions for the WC AEU can be summarized as follows: 

Magnitude of ESL or AT exceedances: 

All surface water contaminants showed low-magnitude HQs for either primary 
ESLs or ATs. 

Sediment ESL-HQs were generally low (<lo) for UTL and UCL-EPCs except for 
antimony, fluoride, 4-methylphenol, acenaphthene, benzo(g,h,i)perylene, and 
indeno(l,2,3-cd)pyrene7 and were less than 5 for all UTL and UCL comparisons 
to AT benchmarks. 

Sp.atia1 Distribution: 

Most surface water contaminants were not widespread and were unclustered. 

Most sediment contaminants were associated with areas that did not provide true 
aquatic habitat settings within the AEU (i.e., the South Interceptor Ditch [SID]). 
Certain ECOPCs were concentrated in ponds; however, the pond-specific analysis 
of surface sediment often found that few elevated concentrations were present. 
Most were at nondetect or less than ESL concentrations within surface sediment, 
indicating a low risk concern. 

Frequency of Exceedances: 

Two of the three surface water contaminants had a very low frequency of HQ 
exceedances. Ammonia was more widespread. 

Most sediment ECOPCs had fewer than 20 percent of samples (detected) 
exceeding the ESL, except for fluoride and zinc. 

Change in surface water Exceedances Over Time: 
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0 Cadmium and silver have decreased to nontoxic levels in recently-collected 
samples. Recent changes in ammonia concentrations are unknown due to the lack 
of recent data. 

0 
Surface sediment MDCs were generally not different from the comprehensive sediment 
database ESLs and did not influence the potential for risk. In only a few cases were the 
MDCs lower in surface sediments (aluminum). 

Drainage-specific habitat and ecological studies: 

0 Previous studies indicate that aquatic life within the WC AEU is primarily 
affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

0 Toxicity was not observed in pond sediment bioassays, indicating that PAHs,- 
PCBs, and metals do not pose a potential for risk in pond habitat. 

Fish tissue residues were below toxicity thresholds for PCBs. 

Benthic macroinvertebrate communities were healthy. 

Prey items in the AEU do not pose a risk to avian piscivores and avian 
insectivores feeding in the WC AEU. 

In summary, the conclusions gathered from the risk characterization indicates that there is 
no significant potential for risk to the aquatic populations within the WC AEU and that 
the seasonal hydrologic regime and local topography were most important in determining 
the makeup of the local aquatic communities and in mitigating the small potential for 
chemical-based risk. The lack of toxicity in pond sediment bioassays also had a strong 
line of evidence in this evaluation. In contrast, there are no strong risk drivers based 
strictly on contaminant concentrations. 

- 

The overall conclusions drawn from this evaluation indicate that residual risks to aquatic 
life from RFETS-related operations are not significant. Additional risk, above what is 
expected to be encountered in the natural environment in the vicinity of the AEUs, is 
predicted to be not significant for the aquatic life receptors evaluated in this ERA. 
Overall, the results of chemical risk analysis and previous investigations of the RFETS 
AEUS have found that aquatic communities are limited by natural environmental 
conditions (i.e., low flows and poor habitat) characteristic of the Colorado Front Range. 
Current conditions are not significantly affected by residual chemical exposure. 
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1.0 AQUATIC EXPOSURE UNITS 

The purpose of this Comprehensive Risk Assessment (CRA) is to identify and evaluate 
ecological risks posed by organics, metals, and radionuclides remaining at the Rocky 
Flats Environmental Technology Site (RFETS) following accelerated actions. 

The Aquatic Exposure Units (AEUs) represent a framework for evaluating population 
risks to aquatic receptors from exposure to surface water and sediment within aquatic 
systems at RFETS. The AEUs established for RFETS are the North Walnut Creek AEU 
(NW AEU), South Walnut Creek AEU (SW AEU), Woman Creek AEU (WC AEU), No 
Name Gulch AEU (NN AEU), Rock Creek AEU (RC AEU), McKay Ditch AEU 
(MK AEU), and the Southeast AEU (SE AEU). This volume, 15B2, presents the 
Ecological Risk Assessment (ERA) for the SW AEU, NW AEU, and WC AEU, 
(Figure 1.1). This introduction encompasses some information for all of the AEUs 
because an understanding of sitewide features is critical to the CRA process. 

This ERA follows the Final CRA Work Plan and Methodology (DOE 2005), hereafter 
referred to as the CRA Methodology, and encompasses both ecological contaminant of 
potential concern (ECOPC) selection and risk characterization. These two processes were 
applied in the same manner for each AEU. In order to streamline presentation of the ERA 
for each AEU, this report, Volume 15B2, first presents results common to all three AEUs, 
followed by AEU-specific results. 

0 1.1 Aquatic Exposure Unit Description 

1.1.1 

This section provides a brief description of all the AEUs, including their location at 
RFETS, historical activities in the area, topography, surface water features, and 
ecological characteristics. A more detailed description of these features and additional 
information regarding the geology, hydrology, and soil types at RFETS is included in 
Section 2.0 of the Resource Conservation and Recovery Act (RCRA) Facility 
Investigation-Remedial Investigation (RI)/Corrective Measures Study (CMS)-Feasibility 
Study (FS) Report (hereafter referred to as the RI/FS Report). 

Aquatic Exposure Unit Characteristics and Locations 

The Historical Release Report (HRR) (DOE 1992) and its annual updates provide 
descriptions of known or suspected releases of hazardous substances that have occurred 
since the inception of the Rocky Flats Plant. The original HRR organized these known or 
suspected historical source areas as historical Individual Hazardous Substance Sites 
(MSSs), Potential Areas of Concern (PACs), or Under Building Contamination (UBC) 
sites (hereafter collectively referred to as MSSs) (Figure 1.2, Table 1.1). Historical 
MSSs and groups of historical MSSs were also designated as Operable Units (OUs). 
Over the course of cleanup under the 1991 Interagency Agreement (IAG) and the 1996 
Rocky Flats Cleanup Agreement (RFCA), the U.S. Department of Energy (DOE) has 
thoroughly investigated and characterized contamination associated with these historical 
documented source areas. Historical MSSs have been dispositioned through appropriate 0 
DEN/ED32005011 .DOC 1 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 15B2 
Aquatic Exposure Units 

0 remedial actions or by determining that'No Further Accelerated Action (NFAA) is 
required, pursuant to the applicable IAG and RFCA requirements. Some OUs have also 
been dispositioned in accordance with an OU-specific Corrective Action 
Decisioflecord of Decision (CADROD). 

A more detailed description of the OU and IHSS history at RFETS is included in 
Appendix A, Volume 2 of the RWS Report and in Section 1 .O, Site Background of the 
RI/FS Report. 

1.1.2 Aquatic Exposure Unit Characteristics and Location 

NWAEU 

The 420-acre NW AEU is located in the central portion of RFETS (Figure 1.3). 
The NW AEU is located both within the Buffer Zone (BZ) OU and the Industrial 
Area (LA) OU, and encompasses a variety of areas that were historically used for 
RFETS operations. 

The NW AEU is bounded on all sides by other AEUs, including the MK AEU to 
the west, 6hJ AEU to the north, SW AEU to the east and south, and a small . 

portion of the WC AEU to the south. 

SWAEU 

The SW AEU is located in the central portion of RFETS and contains 712 acres 
(Figure 1.4). The SW AEU is located both within the BZ OU and the IA OU, 
encompassing a variety of areas that were'historically used for RFETS operations. 

The SW AEU is bounded on three sides by other AEUs, including the NW AEU 
to the north and west, the WC AEU to the south, and a small portion of the 
MK AEU to the northeast. The RFETS property boundary and Indiana Avenue 
adjoin the SW AEU to the east. 

WCAEU 

The WC AEU is located in the south-central portion of RFETS and contains 1,266 
acres (Figure 1.5). The WC AEU is located in the BZ OU immediately south of 
the IA OU and encompasses a variety of areas that were used for RFETS 
operations. 

The WC AEU is bounded by the MK AEU, NW AEU, and SW AEU to the north, 
the SE AEU to the south, and the RFETS property boundaries to the east and 
west. 

1.1.3 Topography and Surface Water Hydrology 

This subsection describes the topography and hydrology for the entire RFETS site for all 
AEUs to provide context for the NW AEU, SW AEU, and WC AEU. 
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Within RFETS, streams and seeps are largely ephemeral or intermittent, with stream 
reaches gaining or losing flow depending on the season and precipitation amounts. 
Surface water flow across RFETS is primarily from west to east, with four drainages 
traversing the site (Figure 1.6): 

0 

Walnut Creek - Major drainage in the north-central portion of RFETS, receiving 
runoff from the majority of the IA EU. The N W  AEU, SW AEU, MK AEU and 
NN AEU are included in this drainage; 

Woman Creek - Major drainage on the southern side of RFETS, receiving runoff 
from the southern portion of the IA EU. The WC AEU is included in this 
drainage; 

Rock Creek - Major drainage in the northwestern part of RFETS that receives no 
runoff from the IA. The RC AEU is included in this drainage; and 

Smart Ditch - Minor drainage in the extreme southern portion of RFETS that 
receives no runoff from the IA. The SE AEU is included in this drainage. 

Even the largest drainages at RFETS typically have defined channels that are relatively 
narrow, ranging in bottom width from 2 to 10 feet, often with exposed sediments and 
cobbles, and occasionally with vegetated channels. Vegetation near the streams is 
dominated by riparian woodlandshrubland community types, with wet meadow and 
marsh species near seeps and ponds. A brief description of each of these drainages is 
provided below. Additional details are provided in Appendix A, Volume 2 of the RIPS 
Report and Section 2.0, Physical Characteristics of the RWS Report. 

Walnut Creek Drainage 

The Walnut Creek drainage receives runoff from the majority of the IA as well as the 
northeastem BZ. The Walnut Creek drainage area is approximately 1,878 acres, which 
includes the area west of the RFETS boundary. The tributaries to Walnut Creek include, 
from north to south, McKay Ditch, No Name Gulch, North Walnut Creek, and South 
Walnut Creek. The stream channel downstream of the confluence between North and 
South Walnut Creeks is known as Walnut Creek. 

McKay Ditch 

McKay Ditch runs from west to east across the northern BZ and is hydrologically isolated 
from the IA. The City of Broomfield can divert water from either Coal Creek or the 
South Boulder Diversion Canal (both west of RFETS) into the open channel of McKay 
Ditch across the northern RFETS BZ, into an underground pipeline, and underneath 
Indiana Street. On the eastern side of Indiana Street, the pipeline daylights and the water 
flows directly to Great Western Reservoir, where it is stored by the City of Broomfield 
for irrigation. McKay Ditch is generally dry. Flows in the ditch historically occur in the 
spring when the City of Broomfield is able to exercise its water rights and divert water 
into the ditch, or when overland runoff is captured and transported by the ditch. Future 
flows in McKay Ditch are expected to be similar to past flows because site accelerated 

' 
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actions do not impact the configuration of the ditch and operations are managed by the 
City of Broomfield. 

No Name Gulch 

No Name Gulch is located in the northern BZ downstream from the East Landfill Pond. 
The East Landfill Pond receives runoff and treated leachate from the Present Landfill 
area as well as the watershed immediately surrounding the pond, and is hydrologically 
isolated from the IA. No Name Gulch is ephemeral, with periodic runoff occumng most 
frequently in the spring. Closure of the former Present Landfill entailed construction of a 
Resource Conservation and Recovery Act (RCRA)-compliant cover constructed over the 
Present Landfill area. This cover is expected to generate additional runoff compared to 
the historic runoff pattern (DOE 2004~). 

North Walnut Creek 

Stormwater runoff from the northern portion of the IA flows into North Walnut Creek, 
which has four retention ponds (Ponds A-1, A-2, A-3, and A-4). In contrast to many other 
site drainages, North Walnut Creek has continuous flow, located immediately northeast 
and downstream from the IA. The hydrology of the North Walnut Creek drainage 
following closure is expected to be very different than in the past. Removal of buildings 
and pavement from the IA will significantly reduce the volumes and peak discharge rates 
of runoff. 

South Walnut Creek 

. 

Runoff from the central portion of the IA flows into South Walnut Creek, which has five 
retention ponds (Ponds B-1, B-2, B-3, B-4, and B-5). Similar to North Walnut Creek, 
South Walnut Creek has continuous flow. The hydrology of the South Walnut Creek 
drainage following closure is expected to be different than in the past. Removal of 
buildings, elimination of water historically imported for RFETS operations, elimination 
of the Sewage Treatment Plant discharge, and removal of pavement from the IA will 
significantly reduce the volumes and peak discharge rates of runoff in this drainage 

Walnut Creek 

(K-H 2002). 

Downstream from terminal ponds A 4  and B-5, North and South Walnut Creeks merge to 
form Walnut Creek. As previously noted, the flows in Walnut Creek following site 
closure will be substantially reduced compared to past flows. 

Downstream from RFETS, east of Indiana Street, Walnut Creek flows into a splitter box 
operated by the City of Broomfield. The splitter box is normally configured to divert 
flows from Walnut Creek into the Broomfield Diversion Ditch, an open channel that runs 
around the southern side of Great Western Reservoir. Downstream from the reservoir, the 
Broomfield Diversion Ditch angles northward before rejoining Walnut Creek. Further 
east, Walnut Creek flows into Big Dry Creek. The Big Dry Creek drainage basin is an 
86-square-mile watershed that is a tributary to the South Platte River. The confluence of . 
Big Dry Creek with the South Platte River is located north of Brighton, Colorado, 
approximately 30 miles northeast of RFETS. 
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Woman Creek Drainage 

Woman Creek traverses the southern side of R E T S  and captures runoff from the 
southern portion of the IA OU as well as the majority of the southern BZ OU. The on-site 
portion of the Woman Creek watershed is approximately 3.1 square miles. 

The tributaries to Woman Creek include the SID, North Woman Creek, Owl Branch 
(South Woman Creek), and Antelope Springs Gulch. The stream channel downstream of 
the confluence between North Woman Creek and the Owl Branch is known as Woman 
Creek. 

South Interceptor Ditch 

Runoff from the southern portion of the IA flows into the SID, which was constructed to 
prevent runoff into Woman Creek. The SID, is a grass-lined, trapezoidal channel that 
flows intermittently and runs off into Pond C-2. Removal of impervious surfaces 
(buildings and pavement) from the IA will reduce the historic discharge volumes and 
peak flow rates. In addition, the western 1,500 feet of the SID were eliminated by the 
cover for the Original Landfill (MSS 115). 

Pond C-2 is batch discharged into Woman Creek. Historically, discharge from Pond C-2 
was necessary approximately once per year. However, with the reduced runoff from the 
IA EU flowing into the SID, Pond C-2 discharges to Woman Creek will be even less 
frequent and based on normal climatic conditions. Because Pond C-2 discharges were 
historically a small percentage of the volume measured in Woman Creek, the less 
frequent discharges should not have a major impact on the overall Woman Creek 
hydrology. 

North Woman Creek 

North Woman Creek flows from the west onto the southwest quadrant of the RFETS 
property and converges with the Owl Branch (South Woman Creek) at a point 
approximately 1,800 feet east of RFETS’ western boundary. North Woman Creek is 
hydrologically isolated from the IA EU. Changes to the site resulting from accelerated 
action activities are not expected to alter the watershed or hydrology in North Woman 
Creek. 

Owl Branch 

The Owl Branch of. Woman Creek (South Woman Creek) flows west onto the southwest 
quadrant of the RFETS property and roughly parallels North Woman Creek before 
joining with it. Owl Branch is hydrologically isolated from the IAEU. Changes to the site 
resulting from accelerated actions are not expected to alter the watershed or hydrology in 
the Owl Branch of Woman Creek. 

Antelope Springs Gulch 

0 
, 

- 

Antelope Springs Gulch conveys water from Antelope Springs, which is a seep on the 
southern side of Woman Creek that normally flows throughout the year. The seep is 
likely influenced by Rocky Flats Lake, located offsite to the west. Antelope Springs 
Gulch flows northeast and joins Woman Creek approximately 2,500 feet upstream from 0 
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Pond C-1. The Antelope Springs drainage is hydrologically isolated from the IAEU. The 
future hydrology of the Antelope Springs Gulch is expected to be similar to the past 
because accelerated actions are not impacting the hydrology of this undeveloped 
watershed. 

Woman Creek 

The stream channel downstream of the confluence between North Woman Creek and 
Owl Branch (South Woman Creek) is known as Woman Creek. Between the North 
Woman Creek and Owl Branch confluence and Pond C-2, Woman Creek is largely 
isolated from the IA EU in terms of surface runoff because the SID intercepts surface 
flow and diverts it into Pond C-2. However, groundwater from portions of the southern 
IA discharges into Woman Creek. In the western reach of Woman Creek, the watershed * 

was enlarged when the Original Landfill remediation eliminated the western 1,500 feet of 
the SID, thereby allowing runoff from the Original Landfill area to flow directly to 
Woman Creek. However, because the vegetated cover on the Original Landfill will 
minimize runoff, this change is expected to have a negligible effect on the total flow 
volume in Woman Creek. 

Woman Creek flows through Pond C-1, which was reconfigured as a low-profile, flow- 
through structure in 2004. Below Pond C-1 and upstream from Pond C-2, Woman Creek 
is diverted via a concrete diversion wall and channel around the northern side of Pond C- 
2. Below Pond C-2, the diversion channel rejoins the original Woman Creek channel. 

Rock Creek Drainage ’ 

The Rock Creek drainage covers the northwestem portion of the site’s BZ. The watershed 
area (measured by gaging station GS04) is approximately 1,499 acres and includes an 
area west of the RFETS boundary. The Rock Creek drainage does not receive runoff 
from the IA. The drainage basin is characterized by east-sloping alluvial plains to the 
west, several small ponds within the creek bed, and multiple steep gullies and stream 
channels to the east. Flow in Rock Creek is ephemeral. Within the RFETS boundaries, 
the hydrology of the Rock Creek drainage is not expected to change as a result’of 
accelerated actions . 
Smart Ditch Drainage 

Smart Ditch is an irrigation ditch in the southern portion of the BZEU owned and 
operated by the Church Estate. The ditch does not receive runoff from the IA. Smart 
Ditch fills two ponds @-1 and D-2) located in the southeastern comer of the site that are 
used for irrigation. Water from Rocky Flats Lake, located offsite and west of the RFETS 
boundary, flows through Smart Ditch for approximately 2.5 miles before reaching a 
splitter box, which diverts water toward the southeast, away from the main channel of 
Woman Creek and into Ponds D-1 and D-2. Overland runoff is also intercepted and 
conveyed by Smart Ditch. Smart Ditch is typically dry, although it has an estimated 
capacity of 10 cubic feet per second (cfs). Because the ditch is hydrologically separated 
and far removed from the IA, limited flow and water quality data has been collected for 
this conveyance. 

* 
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1.1.4 Aquatic Life 

Aquatic habitats at RFETS have been highly modified over the years by the diversion and 
impoundment of water, which occurred historically for agricultural use and more recently 
for water control. Prior to agricultural development, Walnut Creek and Woman Creek 
were seasonally intermittent streams fed primarily by snowmelt and runoff. Aquatic 
communities were limited by both the periodic lack of flows and the generally low flows. 
Reliable surface flows occurred only near seeps and springs (DOE 1996). 

Construction of detention ponds in both watersheds severely altered the natural 
hydrologic conditions. Creation of the ponds resulted in permanent lentic (standing 
water) habitats in areas where water previously was present only seasonally. In Walnut 
Creek, batch release of water from the terminal ponds (Pond A-4 and Pond B-5) has 
caused stream segments immediately downstream to be dry most of the time. 
Establishment of aquatic life in these stream segments is limited because batch releases 
are of short duration and occur at irregular intervals. Much of the water in Woman Creek 
has historically been diverted to Mower Ditch, leaving the segment below Pond C-2 dry 
much of the year. Flow in portions of Woman Creek upstream of Pond C-2 is relatively 
natural, although runoff and some groundwater is intercepted by the SID. This water is 
diverted into Pond C-2. Water in this pond has historically been delivered to other 
systems and not into the Mower Ditch. From 1993 to 1997, Pond C-2 water was pump 
discharged to the Broomfield Diversion Ditch after reaching a pre-designated level. 
Beginning in January 1997, water from Pond C-2 was sampled and released directly into 
Woman Creek, which flows to the Woman Creek Reservoir, east of RFETS. Water has 
typically only been released into Woman Creek once per year. 0 
Stream communities at RFETS are composed of species that are typical of limited-flow 
or seasonal-flow environments. Under these conditions, assessment of impacts due to 
contaminant input is difficult because of natural variability of populations (DOE 1996). 
The potential aquatic habitats within RFEiTS are shown in Figure 1.7. Any area identified 
as having intennittenVperennial flows or standing water was identified as a potential 
habitat area. Other information pertaining to previously observed aquatic species records 
(i-e., amphibians, fish, and invertebrates) was layered into this map, which represents all 
potential habitat areas based on historic flow conditions. 

- 

The Walnut Creek drainage was modified by adding retention ponds to manage 
precipitation runoff in the IA. Historically, water levels in Ponds A-3, A-4, B-2, B-3, and 
B-5 were manipulated for site water management purposes. Ponds A-1, A-2, B-1, and B- 
2 are relatively shallow (less than 1 meter), have had no regular input besides local 
runoff, and have had no regular output other than evaporation. As a result, the ponds 
historically have had abundant aquatic plant life. However, faunal communities are 
limited, most likely because of high daytime temperatures in summer and low dissolved 
oxygen at night. 

The most common aquatic macroinvertebrates (aquatic insects) found at RFETs are the 
larvae of the blackfly (Diptera, Simulidae.), midge (Diptera, Chironomidae), and mayfly 
(Epherneroptera). Other species include caddisflies (Trichoptera), craneflies (Tipulidae), 0 
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and damselfly larvae (Odonutu), as well as snails (Gastropoda) and amphipods 
(Amphipoda). Large macroinvertebrates such as crayfish (Decupodu Astucidue) and 
snails are potentially important prey for other fish, waterfowl, and mammal species. 
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Each of the primary drainages at RFETS contains a variety of pond and stream habitats, 
varying amounts of habitat modification, and seasonal water flows. A variety of non- 
native fish species such as rainbow trout (Sulmo guirdnen'), goldfish (Curussius uuratus), 
carp (Cyprinus curpio), and bass (Microptems), were introduced into the Walnut Creek 
reservoirs. Although all introductions did not establish reproducing fish populations, bass 
are present in Pond A-2 and golden shiners' (Notemigonus crysoleucus) are found in 
Ponds A-2, A-3, and A-4. Fathead minnows (Pimephbles promelas) are a native species 
found in every pond except the East Landfill Pond. 

Woman Creek contains a significant amount of stream habitat and holds the majority of 
RFETS fish species. Native fish species that reproduce within Woman Creek include 
white suckers (Cutostomus commersoni), fathead minnows, green sunfish (Lepomis 
cyanellus), stonerollers (Cumpostomu anomalum), and creek chubs (Semotilus 
utromuculutus). A single specimen of long-nosed dace (Rhinichthys cuturactue) was 
found in Woman Creek (AAE 2003). Two non-native fish species, golden shiners . 

(Notemigonus crysoleucus) and largemouth bass (Micropterus sulmoides), also are found 
in the drainage. 

1.1.5 Site Conceptual Model 

A site conceptual model (SCM) is presented in the CRA Methodology and described in 
detail in Appendix A, Volume 2 of the R W S  Report. The SCM presents the pathways of 
potential exposure from documented historical source areas (MSSs and PACs) to the 
receptors of concern. A summary of the SCM components as they pertain to the AEUs is 
described below. 

For the purposes of this evaluation, the targeted receptor representative of the ecological 
functional group most appropriate for the watershed ERAS is general aquatic life, which 
includes fish, amphibians, and benthic macroinveitebrates. Wading birds and waterfowl 
were also considered important receptois, however an assessment of site-related risk had 
been previously completed by DOE (1996). The results are briefly revisited within this 
document as a line of evidence. Details regarding the methods (i.e. ingestion rates, 
exposure and area use assumptions) can be found within the DOE 1996 document. For 
the purposes of this evaluation, the endpoints for this assessment are the following: 

Assessment Endpoint - Survival, growth, and reproduction adequate to sustain 
populations at RFETS within the AEU; and 

Measurement Endpoints - Comparison of concentrations of contaminants in 
environmental media (surface water and sediment), calculated from abiotic data 
ECOPCs to ESLs and other toxicity criteria, as appropriate. 

Aquatic receptors can be exposed to contaminants directly through contact with 
contaminated media (surface water and sediment) or indirectly through consumption of 
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organisms that have been exposed to (and bioaccumulated) contaminants. For purposes of 
the CRA, surface water and sediment were considered to be the media providing the 
greatest contaminant exposure to aquatic organisms. 

Soils in the immediate vicinity of the wetted channels and pond edges were also 
evaluated as part of this CRA. Adjacent soil was defined as soil within 20 feet of the 
wetted edge of a given AEU feature such as a stream channel, pond, or seep. Because 
these soils could erode or transport to a receiving drainage as a result of overland flows, 
they may represent potential future sediment that would act as a source of exposure to 
future aquatic life receptors. 

The magnitude of exposure to environmental contaminants depends not only on 
concentration but also frequency and duration of contact. In the case of sediment, 
concentrations of contaminants are likely static (although varying with depth in the 
sediment). The exception is areas where active remediation has taken place (i.e., 
Ponds B-1, B-2, and B-3). Concentrations in surface water may change seasonally and 
particularly in response to precipitation and snowmelt events or other factors affecting 
flows and associated contaminant transport. The dominant factor controlling the exposure 
of aquatic receptors is their behavior and overlap, both spatially and temporally. Daily, 
weekly, and seasonal use patterns and dietary habits determine the amount of time an 
organism is in contact with contaminated media and the extent of exposure. In the case of 
the AEUs, the limited flows often affect aquatic organism distribution, abundance, and 
behavior. Some aquatic invertebrate communities are adapted to episodic flow 
conditions, as is typical for these AEUs. Species of fish, however, are less capable of 
such adjustment and, therefore, are unlikely to occur in areas that do not have sustained 
flows except through seasonal migrations from permanently wetted areas. 

1.1.6 Data Description 

Data have been collected at RFETS under regulatory agency-approved Work Plans, 
Sampling and Analysis Plans (SAPS), and Quality Assurance Project Plans (QAPjPs) to 
meet data quality objectives (DQOs) and appropriate U.S. Environmental Protection 
Agency (EPA) and Colorado Department of Public Health and Environment (CDPHE) 
guidance. Surface water and sediment samples were collected from the AEUs 
(Table 1.2). The sampling locations for these media are shown on Figures 1.9 through 
1.12, and data summaries for detected analytes in each medium are provided in 
Tables 1.3 through 1.10. Ecological contaminants of interest (EC0Is)s that were analyzed 
for but not detected are presented in Attachment 1. Similarly, those chemicals detected in 
less than 5 percent of the samples were also analyzed in Attachment 1. Detection limits 
are compared to ecological screening levels (ESLs), as discussed in Attachment 1 
(Tables Al. 1 through A1 .lo). A detailed description of data storage and processing 
methods is provided in Appendix A, Volume 2 of the RIMS Report. The complete data 
set for the AEUs is provided in Attachment 4 on a compact disc (CD). 

In accordance with the CRA Methodology, only data collected on or after June 28, 1991, 
are used in the CRA. The sampling data available for the assessment of the AEUs are 
used as follows: 

DEN/E032005011 .DOC 9 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 15B2 
Aquatic Exposure Units 

Surface water data; 

Sediment data; and 

0 Surface soil data within 20 feet of the wetted areas (discussed as sediment, 
below). 

The sample results from all samples collected for surface water and sediment media since 
June 28, 1991 were evaluated within the ECOPC process. Additional data sets of post- 
1999 surface water, surface sediment (0 - 6”), and adjacent surface soils were evaluated 
as lines of evidence within the risk characterization. The following describes the data 
summary by AEU for the data sets used within the ECOPC process. 

NWAEU 
Surface Water 

The surface water data set for NW AEU consists of up to 2,763 samples for various 
analyte groups. The samples were collected in the NW AEU from June 1991 through 
August 2005. Sample locations are shown on Figure 1,8. 

The N W  AEU surface water samples were analyzed for inorganics (up to 2,696 total and 
541 dissolved samples), organics (up to 377 total samples), and radionuclides (up to 
2,763 total samples and 140 dissolved) (Table 1.2). Detected analytes included many 
inorganics, organics, and radionuclides (Table 1.3). A summary of analytes that were not 
detected, or were detected in less than 5 percent of the samples in surface water in the 
NW AEU is presented and discussed in Attachment 1. 

Sediment 

The sediment data set for NW AEU consists of up to 134 samples for various analyte 
groups. The samples were collected in the NW AEU from August 1991 through 
August 2005. Sample locations are shown on Figure 1.8. Adjacent surface soils were 
evaluated as potential future sediments as a line of evidence within the risk 
characterization. 

The NW AEU sediment samples were analyzed for inorganics (up to 112 samples), 
organics (up to 134 samples), and radionuclides (up to 127 samples) (Table 1.2). 
Detected analytes included many inorganics, organics, and radionuclides (Table 1.4). A 
summary of analytes that were not detected or were detected in less than 5 percent of the 
samples in sediment in the NW AEU is presented and discussed in Attachment 1. 

SWAEU 
Surface Water 

The surface water data set for SW AEU consists of up to 6,404 samples for various 
analyte groups. The samples were collected in the SW AEU from June 1991 through 
August 2005. Sample locations are shown on Figure 1.9. 

The SW AEU surface water samples were analyzed for inorganics (up to 6,404 total and 
1,299 dissolved samples), organics (up to 1,411 total samples), and radionuclides (up to 
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6,355 total samples and 385 dissolved) (Table 1.2). Detected analytes included many 
inorganics, organics, and radionuclides (Table 1 S). A summary of analytes that were not 
detected or were detected in less than 5 percent of the samples in surface water in the 
SW AEU is presented and discussed in Attachment 1.  

Sediment 

The sediment data set for SW AEU consists of up to 178 samples for various analyte 
groups. The samples were collected in the SW AEU from September 1991 through 
August, 2005. Sample locations are shown on Figure 1.9. Adjacent surface soils were 
evaluated as potential future sediments as a line of evidence within the risk 
characterization . 

The SW AEU sediment samples were analyzed for inorganics (up to 132 samples), 
organics (up to 128 samples), and radionuclides (up to 178 samples) (Table 1.2). 
Detected analytes included many inorganics, organics, and radionuclides (Table 1.6). A 
summary of analytes that were not detected or were detected in less than 5 percent of the 
samples in sediment in the SW AEU is presented and discussed in Attachment 1.  

WCAEU 
Surface Water 

The surface water data set for WC AEU consists of up to 2,285 samples for various 
analyte groups. The samples were collected in the WC AEU from June 1991 through 
August 2005. Sample locations are shown on Figure 1.10. 

The WC AEU surface water samples were analyzed for inorganics (up to 862 total and 
382 dissolved samples), organics (up to 364 total samples), and radionuclides (up to 
2,285 total samples and 147 dissolved) (Table 1.2). Detected analytes included many 
inorganics, organics, and radionuclides (Table 1.7). A summary of analytes that were not 
detected or were detected in less than 5 percent of the samples in surface water in the 
WC AEU is presented and discussed in Attachment 1. 

Sediment 

The sediment data set for WC AEU consists of up to 117 samples for various analyte 
groups. The samples were collected in the WC AEU from August 1991 through 
August 2005. Sample locations are shown on Figure 1.11. Adjacent surface soils were 
evaluated as potential future sediments as a line of evidence within the risk 
characterization . 

The WC AEU sediment samples were analyzed for inorganics (up to 88 samples), 
organics (up to 77 samples), and radionuclides (up to 117 samples) (Table 1.2). Detected 
analytes included many inorganics, organics, and radionuclides (Table 1.8). A summary 
of analytes that were not detected or were detected in less than 5 percent of the samples 
in sediment in the WC AEU is presented and discussed in Attachment 1. 
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1.2 Data Adequacy 

A data adequacy assessment was performed to determine whether the available data sets 
discussed in the previous section are adequate for risk assessment purposes. The data 
adequacy assessment guidelines are presented in the CRA Methodology. A detailed data 
adequacy assessment for the data used in the CRA is presented in Appendix A, Volume 2 
of the R W S  Report. The assessment concludes that the data are well distributed across 
the site and are sufficient to estimate risks to ecological receptors at RFETS. The data for 
the AEUs are considered adequate for the CRA because sampling locations for surface 
water and sediment are generally well distributed within each AEU. Therefore, the data 
are considered representative for these AEUs and are adequate for a quantitative risk 
assessment . 

There are data sets with minimal samples which were evaluated within this document. 
For instance, dioxins were sampled in strategic locations where deposition would most 
likely occur, thus limiting the data set to a select number of samples. This represents a 
small data set, however it is considered adequate for the purpose of the dioxin evaluation. 
Further description of these data sets is provided in Volume 2, attachment 1 of the RYFS 
Report. 

1.3 Data Quality Assessment 

A Data Quality Assessment (DQA) of the AEU data sets was conducted to determine 
whether the data were of sufficient quality for risk assessment use. The AEU-specific 
DQA is presented in Attachment 2, and an evaluation of the entire RFETS data set is 
presented in Appendix A, Volume 2 of the RI/FS Report. It was concluded that the data 
are of sufficient quality for use in this CRA. 

2.0 IDENTIFICATION OF ECOLOGICAL CONTAMINANTS OF 
POTENTIAL CONCERN 

The ECOPC identification process streamlines the ecological risk characterization by 
focusing the assessment on ECOIs that are present in surface water and sediment media 
from each AEU. This process is based on the SCM presented in the CRA Methodology 
(DOE 2004a) and described in detail in Appendix A, Volume 2 of the RYFS Report 
(DOE 2005). Generally, as described in Section 1.1.5, the most significant exposure 
pathways to aquatic life receptors are through direct contact and ingestion of potentially 
contaminated surface water and sediment. 

- 

2.1 Data Used in the Ecological Risk Assessment 

Surface water and sediment media were evaluated for the AEU ERAS. Data used for 
the AEU ECOPC evaluations represent the AEU data set gathered since June 28, 1991 
with post-accelerated action confirmation sample results incorporated as well as the 
additional pond sampling results gathered July, 2005. Table 1.2 summarizes the number 
of samples by type of analysis for each AEU. Additional data sets relied upon for the 
AEU risk characterization included post-1999 surface water, surface sediment (0-6") and 
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’ adjacent surface soils (within 20’ of the wetted perimeter of the water body). These 
additional data sets were reviewed as part of the lines of evidence describing chemical 
risk characterization. 

e 
Surface water samples for both total and dissolved fractions were collected. ESLs for 
inorganics contaminants are based on either dissolved or total metal fractions depending 
on the underlying data for the ESL. The fraction appropriate for comparison to the ESL 
was used for the ECOPC process. For instance, many divalent metals have ESLs for the 
dissolved fraction (e.g., cadmium, copper, chromium, iron, lead, mercury, nickel, silver, 
and zinc), while the remaining have ESLs for the total fraction. Ammonia presents a 
unique contaminant for which the ESL is based on the “un-ionized” fraction. Only the 
total aqueous ammonia fraction was measured, and not the un-ionized fraction; therefore, 
the un-ionized fraction was calculated from the total aqueous measurement using a 
temperature and pH dependant conversion factor developed for each AEU (EPA 1985). 
This calculation method is discussed in Attachment 5. The calculated un-ionized 
concentrations are shown within the ECOPC summary tables and spatial distribution 
figures. 

Sediment samples collected from all depth fractions were collected. ESLS for inorganic 
and organic contaminants were compared to the detected sample results. Polychlorinated 
biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) tend to act in an 
additive manner because of similar modes of toxic action. To account for this interactive 
toxicity a total concentration was calculated for PCBs within each sample the total PCB 
concentrations were determined by: 

1. Aroclors detected in greater than 5 percent of the samples were included in the 
total calculations. 

2. A total maximum sum of PCBs was determined for each sample, using !A the 
detection limit for nondetected congeners. 

0 

3. The total maximum detected value was compared to the “total PCB” Ecological 
Screening Level (ESL) for the ECOPC screen. 

4. The total maximum detected value in surface sediment was compared to the ESL 
for the risk characterization screen. 

- 

Total PAHs were evaluated in a step-wise manner. If individual PAH constituents were 
identified as ECOPCs, the calculated total PAH concentration was evaluated as a risk 
characterization chemical line of evidence using conservative assumptions. Total PAHs 
were not evaluated during the ECOPC screening process. 

Additional sampling for dioxins/furan congeners was completed after the CRA 
Methodology was approved, and integrated into this evaluation. The toxicity evaluation 
of these chemicals requires the use of toxicity equivalency factors (TEFs) as related to 
2,3,7,8-TCDD. The methods are described in Attachment 5. For dioxindfurans, the 
following steps were taken: 

1.  Detected congeners were summed, using !A the detection limit was used for 
nondetected concentrations, to develop a conservative total dioxin concentration. e 
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2. This total dioxin concentration was then compared to a Total Dioxin ESL for 
ECOPC screening. 

3. If the total dioxin concentration exceeded the ESL and was retained for risk 
characterization, then a toxicity equivalent quotient (TEQ) was calculated using 
congener-specific TEFs (WHO 1998). 

The results of these analyses were compared to available toxicity benchmarks protective 
of aquatic life. Values of 0.85 nanogram per kilogram (ngkg) no observed effects level 
(NOAEL) and 21.5 ngkg lowest observed effects level (LOAEL) were used for the 
comparison (WHO 1998). 

Surface water and sediment from NWAEU, SW AEU, and WC AEU included samples 
from locations considered part of the background data set for RFETS. These background 
samples were included in the AEU data evaluated in the initial steps of ECOPC 
identification as a conservative assessment measure. Background samples were then 
removed from the AEU data set for the comparison of site sample concentrations to 
background concentrations, and in professional judgment evaluations. 

2.2 

ECOPCs for surface water and sediment were identified for aquatic receptors in 
accordance with the sequence presented in the CRA Methodology. The ECOPC 
identification process for the ERA examined ECOIs that were present in AEU surface 
water and sediment through a sequential, multi-step process. All ECOIs, including 
essential nutrients, were evaluated using the following process: 

Identification of Surface Water and Sediment ECOPCs 

The first step of the ECOPC selection process is a comparison of ECOI maximum 
detected concentrations (MDCs) in surface water and sediment to their respective ESLs. 
Those ECOIs for which ESLs are not available are removed from further consideration 
within the ECOPC process, and are discussed further as ECOIs with uncertain toxicity 
(Section 6.0). A list of ECOIs with uncertain toxicity is summarized in Attachment 1 for 
each AEU. Contaminants where the MDCs are greater than the ESL are retained for 
further analysis in the ECOPC selection process. ESLs are presented in the CRA 
Methodology based on the most significant exposure pathways and receptors presented in 
the SCM, and represent concentrations that are predicted to result in either no-adverse 
effects or minimal or threshold effects to aquatic receptor populations. Additional 
contaminants beyond those presented in the CRA Methodology were identified as 
requiring an ECOPC evaluation. Therefore, additional ESLs were derived using the same 
methods and sources as those described in the CRA Methodology. A summary of these 
new ESLs is provided in Attachment 5. 

A detection frequency screen is performed for those ECOIs that are not eliminated in the 
MDC-ESL screen to identify ECOIs with less than a 5 .percent detection frequency. 
Infrequently detected ECOIs are not expected to pose a potential for risk to aquatic 
receptors. However, ECOIs with less than 5 percent detection are mapped and subjected 
to additional spatial evaluation. The mapping is completed in order to determine if the 
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few detected concentrations of these ECOIs occur in depositional areas (such as ponds) 
that could pose a potential risk to aquatic populations areas. 

0 
Statistical comparisons against the appropriate background data set are performed for 
each ECOI that is not eliminated in the detection frequency screen in accordance with the 
CRA Methodology. The background analyses utilizes two statistical programs: ProUCL 
(Version 3.0) and S-Plus. The statistical methods used are described in Attachment 3 as 
well as in Appendix A, Volume 2, Attachment 1 of the RI/FS Report. ProUCL is used to 
determine the data distributions of the AEU and background data sets. The data 
distribution types determine the appropriate statistical test for the background 
comparison. S-Plus is then used to compare the two data sets. Those contaminants found 
to be statistically greater than background are retained for further analysis in the ECOPC 
selection process. All other ECOIs are considered to not pose a potential risk to aquatic 
populations and are eliminated from the ECOPC selection process. 

For those ECOIs retained in the ECOPC selection process, the exposure point 
concentration (EPC), a conservative measure of upper-bound concentrations represented 
by the 95th upper tolerance limit (UTL) (95th upper confidence limit [UCL] of the 90th 
percentile), is compared to the ESL. The upper-bound EPC is a conservative measure of 
potential exposure for organisms with low mobility. Calculation of this statistic uses one- 
half of the detection limit as a proxy value for nondetected concentrations. Where 
sufficient data are unavailable to calculate statistical parameters, the MDC is used as the 
default EPC; or, if the UTL is greater than the MDC, the MDC is used as the EPC. This 
EPC is compared to the CRA Methodology ESL. ECOIs\.with UTLs less than their ESLs 
are removed from further consideration within the ECOPC process. The ECOIs screened 
out in this step are mapped to determine the spatial extent and to evaluate their potential 
for posing a risk in depositional areas such as ponds. Those ECOIs that do not present a 
depositional pattern within ponds and have UTLs less than the ESLs are considered to not 
pose a potential risk to aquatic populations. 

The final ECOPC selection step as per the CRA Methodology is a professional judgment 
evaluation of each remaining ECOIs. However, professional judgment steps were not 
applied to the AEU ECOPC process. Therefore any ECOIs identified as ECOPCs to this 
point, were retained for further evaluation within the risk characterization. 

- 

A more detailed discussion of the ECOPC screening procedure and the assumptions 
inherent in this procedure are provided in Section 7.3 of the CRA Methodology and in 
Appendix A, Volume 2 of the RI/FS Report. 

2.3 Summary of ECOPCs for AEUs 

ECOPCs for surface water and sediment were identified for aquatic receptors in 
accordance with the screening process presented in the CRA Methodology (DOE 2004a). 
The following subsections present the outcome of the ECOPC process for each AEU. 
Special consideration was given in each step of the process for ECOIs that are eliminated 
in order to evaluate their potential to be present in isolated depositional areas which may 
occur within pond areas that provide unique habitat settings. 
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A summary of the ECOPC decision process is provided for each AEU by media in 
Tables 2.1 through 2.1 1. Within these Tables, summary information for total maximum 
detected PCB and total dioxin TEQ values in sediment is provided for each AEU. 
Justification for background decisions is provided in Attachment 3. 

2.3.1 ECOPCs for the NW AEU 
Surface Water 

Table 2.1 summarizes the results of the surface water ECOPC identification process for 
the NW AEU. There were nine total metals (aluminum, barium, beryllium, cobalt, 
lithium, selenium, strontium, tin and vanadium), nine dissolved metals (cadmium, 
chromium, copper, iron, lead, manganese, silver, nickel, and zinc), three inorganics 
(ammonia, fluoride and cyanide), thirteen organics (4,4’-DDT, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, benzyl alcohol, bis(2-ethylhexyl)phthalate7 carbon 
disulfide, di-n-butylphthalate, Endosulfan I, Heptachlor epoxide, Aroclor-1254, 
phenanthrene, and pyrene) and seven radionuclides (americium-241 , plutonium - 
239/240, radium-226, radium-228, uranium-233/234, uranium-235, and uranium-238) 
with MDCs greater than ESLs. 

Of these ECOIs, 10 were detected in less than 5 percent of the samples: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4,4’-DDT detected in one of 123 samples (Figure 2.1); 

Anthracene detected in one of 207 samples (Figure 2.2); 

Benzo(a)anthracene detected in one of 207 samples (Figure 2.3); 

Benzo(a)pyrene detected in one of 207 samples (Figure 2.4); 

Benzyl alcohol detected in five of 182 samples (Figure 2.5); 

Carbon disulfide detected in three of 231 samples (Figure 2.6); 

Endosulfan I detected in two of 123 samples (Figure 2.7); 

Heptachlor epoxide detected in one of 123 samples (Figure 2.8); 

Phenanthrene detected in two of 207 samples (Figure 2.9); and 

Pyrene detected in five of 204 samples (Figure 2.10). 

The MDC for these contaminants is greater than their respective ESLs. However, the 
remaining concentrations were below detection limits for 4,4’-DDT, anthracene, 
benzo(a)anthracene, benzo(a)pyrene, and heptachlor epoxide. The detected 
concentrations for benzyl alcohol, carbon disulfide, endosulfan I, phenanthrene and 
pyrene were primarily located within the IA overlapping portion of the AEU and outside 
of true aquatic habitat areas.. The occurrence of these contaminants demonstrated spatial 
distributions that were not concentrated in pond habitat areas. These ECOIs were 
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eliminated from further consideration in the N W  AEU because they are unlikely to 
present risks to the population of aquatic receptors. 

Of the remaining inorganic ECOIs in surface water, copper (dissolved), iron (dissolved), 
lead (dissolved), zinc (dissolved) and radium-226 were not statistically greater than 
background. These contaminants were eliminated from further consideration because 
they are unlikely to present risks to the populations of receptors that inhabit North Walnut 
Creek. The risk created by these metals would not exceed that posed by normal 
background conditions. 

While the MDCs for barium (total), beryllium (total), chromium (dissolved), cobalt 
(total), fluoride (total), manganese (dissolved), nickel (dissolved), selenium (total), 
strontium (total), tin (total), bis-2-ethylhexylphthalate7 di-n-butylphthalate, americium- 
241 , plutonium-239/240, uranium-233/234, uranium-235, and uranium,-238 in surface 
water were greater than their respective ESLs, the UTL EPCs for these ECOIs were less 
than the ESLs (Table 2.1); therefore, these contaminants were not considered to pose risk 
to aquatic receptors. However, to ensure that these ECOIs were not a concern in surface 
water for an isolated aquatic population associated with a pond within North Walnut 
Creek, the spatial distributions of these ECOIs were evaluated by plotting the 
concentrations in relation to the ESL. The spatial distributions of these contaminants are 
shown in Figures 2.11 through 2.27. A summary of their spatial extent as compared to 
their respective ESLs is described as follows: 

Barium and beryllium occurred with a concentration above their respective CRA 
Methodology ESLs at two locations within the channel, and at several locations 
within stormwater or drains systems within the IA overlapping portion of 
the AEU (Figures 2.11,2.12). The spatial distribution of these metals is mostly 
outside of true aquatic habitat. The majority of the detected concentrations occur 
below the ESL, indxating that these metals are unlikely to present a risk concern 
to aquatic populations. 

, 

Chromium (dissolved), cobalt (total) occurred with a concentration above their 
respective CRA Methodology ESLs at one location within the IA overlapping 
portion of the AEU and is outside of the channel and ponds (Figures 2.13 and 
2.14). The spatial distribution is extremely limited and generally outside aquatic 
habitats. The majority of the measured concentrations occur below the ESL, 
indicating that these metals are unlikely to present a risk concern to aquatic 
populations. 

- 

Fluoride (total) occurred at concentrations above the CRA Methodology ESL 
within the ponds associated with NW AEU (Figure 2.15). Further evaluation of 
the data (as shown within Figure 2.15) indicates that the majority of measured 
concentrations (95 percent) did not exceed the ESL. The UTL for fluoride is less 
than the ESL, indicating a low potential for risk. 

Manganese (dissolved) occurred with a concentration above the CRA 
Methodology ESL at only one location within the channel (Figures 2.16). The 

\ 
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0 spatial distribution is extremely limited in regards to Occurrence within aquatic 
habitat. The majority of the measured concentrations occur below the ESL, 
indicating that this metal is unlikely to present a risk concern to aquatic 
populations. 

0 Nickel (dissolved), strontium (total), and tin (total) occurred with a concentration 
above the CRA Methodology ESL at one or two locations within the IA 
overlapping portion of the AEU (Figure 2.17,2.19 and 2.20). The spatial 
distribution is extremely limited in regards to true aquatic habitat. In addition, the 
majority of the measured concentrations occur below the ESL, indicating that 
these metals are unlikely to present a risk concern to aquatic populations. 

Selenium (total) occurred at seven locations within the channel and one location 
within Pond A 4  with detected values greater than the ESL (Figure 2.18). The 
remaining sample results (from 39 locations) within the aquatic habitat m a s  were 
less than the ESL or at nondetected levels. Therefore, the nine locations with 
measured values greater than the ESL represent approximately 19 percent of the 
data within the true aquatic habitat areas. This metal is unlikely to present a risk 
concern to aquatic populations. 

Bis(2-ethy1hexyl)phthalate occurred with a concentration above the CRA 
Methodology ESL at only one location within a pond, and the channel, and 
several locations within stormwater or drains systems within the IA overlapping 
portion of the AEU (Figure 2.21). The spatial distribution is extremely limited in 
regards to true aquatic habitat. The majority of the measured concentrations occur 
below the ESL, indicating that this contaminant is unlikely to present a risk 
concern to aquatic populations. 

0 

0 Di-n-butylphthalate occurred with a concentration above the CRA Methodology 
ESL at only one location within the IA overlapping portion of the AEU 
(Figure 2.22). The majority of the measured concentrations occur below the ESL, 
indicating that this contaminant is unlikely to present a risk cdncern to aquatic 
populations . 

Americium-241 occurred with a concentration above the CRA Methodology ESL 
at only one location within the IA overlapping portion of the AEU (Figure 2.23), 
while plutonium-239/240 occurred with a concentration above the ESL at two 
locations within the IA overlapping portion of the AEU (Figure 2.24). The UTLs 
for these radionuclides fell below the ESL, indicating a minimal risk potential. 
The majority of the measured concentrations of these contaminants occur below 
their respective ESLs, indicating that these contaminants are unlikely to present a 
risk concern to aquatic populations. 

0 Uranium-233/234, uranium-235, and uranium-238 all occurred at measured 
concentrations above their respective CRA Methodology ESLs at isolated 
locations within the channel, or pond areas with the predominant Occurrence 
within the IA overlapping drainage areas (Figures 2.25,2.26, and 2.27). The 
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UTLs for these radionuclides fell below the ESL, indicating a minimal risk 
potential. The spatial extent of these contaminants is not concentrated within 
aquatic habitats. They are unlikely to pose a risk concern to aquatic populations. 

Results of the ECOPC screen to this point identified aluminum (total), ammonia, 
cadmium (dissolved) cyanide, lithium (total), silver (dissolved), vanadium (total), 
Aroclor-1254, and radium-228 as ECOPCs requiring further evaluation within the risk 
characterization. The spatial extent of each of these contaminants within the NW AEU is 
provided in Figures 2.28 through 2.36. Within these Figures, the un-ionized ammonia 
fraction is compared to the ESL, while sitewide or site-specific ESLs (where appropriate 
as identified in Attachment 5) are compared to sample results for the remaining ECOPCs. 

Sediment 

Table 2.2 summarizes the results of the sediment ECOPC identification process. There 
were 16 metals (aluminum, antimony, arsenic, .barium, cadmium, chromium, copper, 
fluoride, iron, lead, manganese, mercury, nickel, selenium, silver and zinc) and 26 
organics (2-methylnaphtha1ene7 4,4’-DDT, acenaphthene, aldrin, anthracene, Aroclor- 
1254, Aroclor- 1260, atrazine, benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 
benzo(k)fluoranthene, bis(2-ethylhexyl)phthalate, carbazole, chrysene, delta-BHC, 
dibenz(a,h)anthracene, endosulfan I, fluoranthene, fluorene, indeno( 1,2,3-cd)pyrene, 
naphthalene, phenanthrene, and pyrene) with MDCs greater than ESLs. In addition, the 
total maximum PCB and TEQ dioxin values were greater than ESLs. 

Four of these ECOIs were detected in less than 5 percent of the samples: 

Aldrin detected in one of 78 samples (Figure 2.37); 

Aroclor-1260 detected in two of 121 samples (Figure 2.38) 

DeIta-BHC detected in one of 79 samples (Figure 2.39); and 

Endosulfan I detected in one of 79 samples (Figure 2.40). 

The measured concentrations of these ECOIs were greater than their ESLs. However, 
only one or two of the samples for these chemicals actually had detectable 
concentrations. These chemicals did not demonstrate a spatial trend concentrated in 
aquatic habitat areas. Given the limited spatial extent of their occurrence, these ECOIs 
are unlikely to create an unacceptable risk to the aquatic populations within the NW AEU 
and have been eliminated from further consideration as ECOPCs. 

There were no ECOIs eliminated as a result of the statistical background comparison. 

The EPC-ESL screen eliminated arsenic, chromium and bis(2-ethylhexy1)phthalate as 
ECOIs from further consideration as ECOPCs. While the MDCs for these contaminants 
were greater than their respective ESLs, the UTL EPCs for these ECOIs were less than 
the ESLs (Table 2.2). Therefore, these contaminants were not considered to pose risk to 
aquatic receptors. However, to ensure that these ECOIs were not a concern in sediment 
for an isolated aquatic population associated with a pond within North Walnut Creek, the 
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spatial distributions of these ECOIs were evaluated by plotting the concentrations in 
relation to the ESL. The spatial distributions of these contaminants are shown in 
Figures 2.41 through 2.43. A summary of their spatial extent as compared to their 
respective ESLs is described as follows: 

Arsenic occurred with concentrations above the ESL at only three locations 
(Figure 2.41). These locations are dispersed in aquatic habitat areas. However, the 
majority of the detected results were below the ESL. The spatial distribution of 
arsenic indicates that while there may be several small areas of elevated 
concentrations, the spatial extent within the aquatic habitat areas are limited and 
there does not appear to be an unacceptable risk to isolated aquatic populations. 

Chromium occurred with concentrations above the ESL at only two locations 
(Figure 2.42). These locations are not spatially concentration in a single aquatic 
habitat area. The remaining samples throughout the AEU were below the ESL or 
at nondetect levels. The spatial distribution of chromium does not indicate that 
there is an unacceptable risk to isolated aquatic populations. 

Bis(2-ethylhexy1)phthalate occurred with a concentration above the ESL at only 
one location (Figure 2.43). The remaining samples throughout the AEU were 
below the ESL or at nondetect levels. The spatial distribution of bis(2- 
ethyhexy1)phthalate does not indicate that there is an unacceptable risk to isolated 
aquatic populations. 

. 

The EPC-ESL screen indicated that aluminum, antimony, barium, cadmium, copper, 
fluoride, iron, lead, manganese, mercury, nickel, selenium, silver, zinc, 2- 
methylnaphthalene, 4,4’-DDT, acenaphthene, anthracene, Aroclor-1254, atrazine, 
benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, 
carbazole, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, indeno( 1,2,3- 
cd)pyrene, naphthalene, phenanthrene, and pyrene are ECOPCs requiring further 
evaluation within the risk characterization. In addition, total PCBs were calculated and 
determined to be an ECOPC for N W  AEU sediment. The spatial extent of each of these 
ECOIs within the NW AEU is provided in Figures 2.44 through 2.78. Total PCBs are 
also spatially shown within Figure 2.63. Total PAH concentrations by location were also 
spatially demonstrated (Figure 2.58) however this information was used as a chemical 
characterization line of evidence for the risk characterization and not used as part of the 
ECOPC process. 

Total PCBs and dioxins using the TEQ process were also retained for further evaluation. 
The total maximum detected PCB concentration is provided in Table 2.3 and the 
calculated dioxin TEQ is provided in Table 2.4. These values each exceeded their 
respective ESL, therefore these chemical groups were retained as ECOPCs for further 
risk characterization. 
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2.3.2 ECOPCs for the SW AEU 
Surface Water 

a 
Table 2.5 summarizes the results of the surface water ECOPC identification process. 
There were eight total metals (aluminum, antimony, barium, beryllium, lithium, 
selenium, thallium, and vanadium), four inorganic contaminants (ammonia, cyanide, 
fluoride, and nitrite) seven dissolved metals (cadmium, copper, iron, lead, mercury, 
silver, and zinc), seven organic contaminants (1,1,2-trichloro-l,2,2-trifluoroethane, 
4,4’-DDD, 4,4’-DDT, 4-methylphenol, bis(2ethylhexyl)phthalate, carbon disulfide, and 
Aroclor- 1254) and four radionuclides (plutonium-239/240, radium-226, uranium- 
233/234, uranium-238) with MDCs greater than ESLs. 

Six of these ECOIs were detected in less than 5 percent of the samples: 

0 

0 

Mercury (dissolved) detected in 36 of 847 samples (Figure 2.79); 

Thallium (total) detected in 63 of 1589 samples (Figure 2.80); 

4,4’-DDD detected in one of 72 samples (Figure 2.81); 

0 4-methylphenol detected in one of 141 samples (Figure 2.82); 

0 Aroclor-1254 detected in one of 70 samples (Figure 2.83); and 

Carbon disulfide detected in two of 667 samples (Figure 2.84). 

For mercury (dissolved), only three of the detected concentrations exceeded the ESL. 
Similarly, thallium (total) had only six measured concentrations above the ESL. The 
remaining sample results for these metals fell below the ESL and did not demonstrate a 
spatial trend concentrated in aquatic habitat areas. Given the minimal exceedance of the 
measured values as compared to their respective ESLs, and the limited spatial extent of 
their occurrence, these ECOIs are unlikely to create an unacceptable risk to the aquatic 
populations within the SW AEU and have been eliminated from further consideration as 
ECOPCs. 

- 

4,4’-DDT, 4-methylphenol, carbon disulfide and Aroclor-1254 had minimal numbers of 
sample results (one or two) which all occurred within the IA overlapping portion of 
the AEU. These results represent singular (with the exception of carbon disulfide which 
had two measured results) occurrences which are unlikely to impact aquatic populations 
within the SW AEU. They were therefore removed from further consideration as 
ECOPCs. 

Of the remaining inorganic ECOIs in surface water, aluminum (total), copper (dissolved), 
iron (dissolved), vanadium (total), zinc (dissolved), and radium-226 concentrations were 
not statistically greater than background. These ECOIs were eliminated from further 
consideration because they are unlikely to present unacceptable risks to the populations 
of aquatic receptors that inhabit South Walnut Creek. The potential for risk created by 
these metals is unlikely to exceed that posed by normal background conditions. 

a 
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The EPC-ESL screen eliminated antimony (total), barium (total), beryllium (total), 
fluoride, lead (dissolved), lithium (total), nitrite, selenium (total), 1,1,2-trichIoro- 
1,2,2-trifluoroethane, bis(2-ethylhexyl)phthalate, plutonium-2391240, uranium-2331234, 
uranium-238 as ECOIs from further consideration as ECOPCs. While the MDCs for 
these contaminants were greater than their respective ESLs, the UTL EPCs for these 
ECOIs were less than the ESLs (Table 2.5). Therefore, these contaminants were not 
considered to pose risk to aquatic receptors. However, to ensure that these ECOIs were 
not a concern in surface water for an isolated aquatic population associated with a pond 
within South Walnut Creek, the spatial distributions of these ECOIs were evaluated by 
plotting the concentrations in relation to the ESL. The spatial distributions of these 
contaminants are shown in Figures 2.85 through 2.97. A summary of their spatial extent 
as compared to their respective ESLs is described as follows: 

Antimony occurred with a total concentration above the ESL at only one location 
(Figure 2.85). The remaining samples throughout the AEU were below the ESL. 
The spatial distribution of antimony does not indicate that there is an unacceptable 
risk to isolated aquatic populations. 

Barium (total), beryllium (total) occurred with concentrations above the ESL at 
several locations dispersed throughout aquatic habitat areas, and within the IA 
overlapping portion of the AEU (yet outside the channel or other ponds) 
(Figures 2.86 and 2.87). The remaining samples throughout the AEU were either 
below the ESL or below detection limits. The concentrations decrease to below 
ESL and nondetect levels in a down-gradient direction from Pond B-1, indicating 
that there is no increase in load or additive source areas. The spatial distribution 
of these metals does not indicate that there is an unacceptable risk to isolated 
aquatic populations. 

. 

Fluoride had a single measured concentration above the ESL within Pond A-6 
(Figure 2.88). Thus, the spatial extent is minimal and unlikely to pose a risk 
concern to aquatic populations. 

Lead (dissolved) showed elevated concentrations throughout the SW AEU 
(Figure 2.89). These concentrations exceeded the ESL in the Ponds B-1 to B-5, in 
the stream channel within the IA, and downgradient of the IA. However, all these 
exceedances were of low magnitude (HQ4) except for the MDC (HQ =16). 
There were also nondetects (83 percent) and detected concentrations below the 
ESL (1 1 percent) scattered throughout the SW AEU alongside those that 
exceeded the ESL. Only 14 detected samples from pond habitats exceeded the 
ESL by a low magnitude (HQsc2). Therefore, the UTL did not exceed the ESL, 
and despite six percent of samples (n=849) exceeding the ESL (in detected 
concentrations), dissolved lead does not represent a spatial grouping that would 
pose a risk to localized aquatic organisms in SW AEU. 

Lithium occurred with total concentrations above the ESL at four locations 
(Figure 2.90) within the channel area (and four locations outside the channel 
within the IA overlapping portion of the AEU). There is no spatial pattern 
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indicating an increase in concentration going down-gradient within the channel. 
The remaining locations occur at levels below the ESL or are nondetect. The 
spatial distribution of lithium does not indicate that there is an unacceptable risk 
to isolated aquatic populations. The UTL for lithium falls below both the ESL and 
AT values indicating a minimal risk potential. 

Nitrite had one location with a measured concentration greater than the ESL 
(Figure 2.91). Nitrite is unlikely to pose a risk to isolated aquatic populations 
within SW AEU. 

Selenium occurred at total concentrations above the ESL at seven locations 
(Figure 2.92) along the channel and pond areas within SW AEU. However, the 
remaining locations occurred at levels below the ESL or were nondetect. 
Therefore, the aquatic populations associated with the channel area are not at risk. 
It does not appear that selenium is creating an isolated risk potential. 

1 , 172-trichloro- 122-trifluoroethane occurred at one location, while bis(2- 
ethy1hexyl)phthalate occurred at two locations above the ESL within IA 
overlapping areas of the AEU, (one within the channel) and not within the pohd 
areas (Figures 2.93 and 2.94). These contaminants are unlikely to pose a risk to 
isolated aquatic populations within SW AEU. 

Plutonium-239/240 occurred at one location, uranium-233/234 occurred at three 
locations, while uranium-238 occurred at two locations above the ESL within the 
channel and the IA overlapping area of the AEU (Figures 2.95,2,96 and 2.97). 
Uranium-233/234 and uranium-238 had a singular location with a measured 
concentration greater than the ESL within the channel. However, given the 
minimal spatial extent, neither contaminant would pose a risk to isolated aquatic 
populations within SW AEU. The UTLs for both radionuclides fell below their 
respective ESLs, indicating a minimal risk potential. 

Ammonia, cadmium (dissolved), cyanide, silver (dissolved), and 4,4'-DDT were 
identified as the ECOPCs requiring further evaluation within the risk characterization. 
The spatial extent of these ECOPCs as compared to their ESLs are provided in 
Figures 2.98 through 2.102. These Figures present the results of the un-ionized ammonia 
fraction as compared to the ESL, and the site-specific hardness developed ESL as 
compared to the dissolved cadmium and dissolved silver surface water results. 

Sediment 

Table 2.6 summarizes the results of the sediment ECOPC identification process. There 
were 16 metals (aluminum, antimony, arsenic, barium, cadmium, chromium, copper, 
fluoride, iron, lead, manganese, mercury, nickel, selenium, silver and zinc) and twenty 
six organics (2-methyInaphthalene7 4,4-DDE ,4-methylpheno17 , acenaphthene, 
anthracene, Aroclor-1254, Aroclor-1260, benzo(a)anthracene, benzo(a)pyrene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, benzyl alcohol, bis(2-ethylhexyl)phthalate7 
bromomethane, carbazole, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, 
gamma- BHC, heptachlor epoxide, indeno( 1 ,2,3-cd)pyrene7 pentachlorophenol, 
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phenanthrene, and pyrene) with MDCs greater than ESLs. In addition, the total maximum 
PCB value was greater than ESLs. 

Seven of these ECOIs were detected in less than 5 percent of the samples: 

2-Methylnaphthalene detected in one of 83 samples (Figure 2.103); 

4,4-DDE detected in one of 66 samples (Figure 2.104); 

4-Methylphenol detected in one of 84 samples (Figure 2.105); 

Benzyl alcohol detected in one of 67 samples (Figure 2.106); 

Heptachlor epoxide detected in one of 66 samples (Figure 2.107); 

Gamma-BHC detected in one of 65 samples (Figure 2.108); and 

Pentachlorophenol detected in three of 84 samples (Figure 2.109). 

The measured concentrations of these ECOIs were greater than their ESLS. However, 
only one to three of the samples for these chemicals actually had detectable 
concentrations. These chemicals did not demonstrate a spatial trend concentrated in 
aquatic habitat areas. Most of the chemicals were detected in non-habitat settings. Given 
the limited spatial extent of their occurrence, these ECOIs are unlikely to create an 
unacceptable risk to the aquatic populations within the SW AEU and have been 
eliminated from further consideration as ECOPCs. 

Of the remaining inorganic ECOIs in sediment, manganese concentrations were not 
statistically greater than background. This ECOI was eliminated from further 
consideration as an ECOPC because it is unlikely that it presents a risk to the populations 
of receptors that inhabit South Walnut Creek. The potential for risk posed by this metal is 
unlikely to exceed that posed by normal background conditions. 

The EPC-ESL screen eliminated arsenic, chromium, iron, mercury, nickel, selenium and 
bis(2-ethylhexy1)phthalate as ECOIs from further consideration as ECOPCs. While the 
MDCs for these contaminants were greater than their respective ESLs, the UTL EPCs for 
these ECOIs were less than the ESLs (Table 2.6). Therefore, these contaminants were not 
considered to pose risk to aquatic receptors. However, to ensure that these ECOIs were 
not a concern in sediment for an isolated aquatic population associated with a pond 
within South Walnut Creek, the spatial distributions of these ECOIs were evaluated by 
plotting the concentrations in relation to the ESL. The spatial distributions of these 
contaminants are shown in Figures 2.1 10 through 2.1 16. A summary of their spatial 
extent as compared to their respective ESLs is described as follows: 

Arsenic occurred with one concentration above the ESL at a location within the 
IA overlapping portion and outside of true aquatic habitat areas (Figure 2.1 10). 
The remaining samples throughout the AEU were below the ESL. The spatial 
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distribution of arsenic does not indicate that there is an unacceptable risk to 
isolated aquatic populations. 

Chromium occurred with concentrations above the ESL at only two locations , 

(Figure 2.11 1). These locations are not spatially concentration in aquatic habitat 
areas. The remaining samples throughout the AEU were below the ESL or at 
nondetect levels. The spatial distribution of chromium does not indicate that there 
is an unacceptable risk to isolated aquatic populations. 

Iron occurred with concentrations above the ESL at several locations within 
ponds B-4 and B-5 (Figure 2.112). Further analysis of surface sediment results (as 
provided in Attachment 8 Figure A8.37) indicates that only three locations have 
measured concentrations greater than the ESL within B-4. The surface sediment 
results for Pond B-5 were at concentrations less than the ESL. The limited spatial 
extent of surface sediment occurrence does not indicate that there is an 
unacceptable risk to isolated aquatic populations. 

Mercury occurred with concentrations above the ESL at two locations within 
Pond B-4. The remaining locations throughout the AEU were less than the ESL or - 

at nondetect levels (Figure 2.113). Further analysis of the surface sediment within 
Pond B-4 (Figure A8.39 within Attachment 8) indicates that the surface sediment 
concentrations are less than the ESL. The limited spatial extent of surface 
sediment occurrence does not indicate that there is an unacceptable risk to isolated 
aquatic populations. 

Nickel occurred with two locations within Pond B-4 and one location within 
Pond B-5 and one within the channel with measured values greater than the ESL 
(Figure 2.1 14). The remaining locations had values below the ESL. The results 
identify a concentration of nickel within habitat areas (Pond B-4 and B-5) that 
requires further evaluation. The results presented within this Figure represent the 
findings from all sediment analysis (all depth fractions). Further analysis of the 
spatial extent within surface sediment for Pond B-4 (Figure A8.39) indicated 
nickel was detected at concentrations greater than the ESL at one location within 
Pond B-4. This spatial extent of nickel does not indicate a potential for risk to 
benthic populations within the SW AEU. 

Selenium occurred with concentrations above the ESL at only two locations, one 
within Pond B-4 and one within Pond B-5 (Figure 2.1 15). These locations are not 
spatially concentration in a single aquatic habitat area. The remaining samples 
throughout the &U were below the ESL or at nondetect levels. The spatial 
distribution of selenium does not indicate that there is an unacceptable risk to 
isolated aquatic populations. 

Bis(2-ethylhexy1)phthalate occurred with a concentration above the ESL at only 
one location within Pond B-4 (Figure 2.1 16). The remaining samples throughout 
the AEU were below the ESL or at nondetect levels. The spatial distribution of 
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bis(2-ethyhexy1)phthalate does not indicate that there is an unacceptable risk to 
isolated aquatic populations. 

The EPC-ESL screen indicated that aluminum, antimony, barium, cadmium, copper, 
fluoride, lead, silver, zinc, acenaphthene, anthracene, Arwlor-1254, Aroclor-1260, 
benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, benzo(k)fluoranthene, 
bromomethane, carbazole, chrysene, dibenz(a,h)anthracene, fluoranthene, fluorene, 
indeno( 1,2,3-~d)pyrene, phenanthrene, and pyrene are ECOPCs requiring further 
evaluation within the risk characterization. The spatial extent of each of these ECOPCs 
within the SW AEU is provided in Figures 2.117 through 2.144. Total PCBs are also 
spatially shown within Figure 2.129. Total PAH concentrations by location were also 
spatially demonstrated (Figure 2.126) however this information was used as a chemical 
characterization line of evidence for the risk characterization and not used as part of the 
ECOPC process. 

Total PCBs were retained for further evaluation. The total maxi'mum detected PCB 
concentration is provided in Table 2.7. This value exceeded the ESL, therefore this 
chemical group was retained as ECOPCs for further risk characterization. 

2.3.3 ECOPCs for the WC AEU 
Surface Water 

Table 2.8 summarizes the results of the surface water ECOPC identification process. 
There were eight total metals (aluminum, barium, beryllium, cobalt, lithium, selenium, 
thallium, and vanadium), two inorganic contaminants (ammonia and cyanide), eight 
dissolved metals (cadmium, copper, iron, lead, manganese, mercury, silver, and zinc), 
three organic contaminants (4,4'-DDT, carbon disulfide, and pyrene), and four 
radionuclides (americium-241, plutonium-239/240, uranium-233/234, and uranium-238) 
with MDCs greater than the ESLs. 

0 Four of these ECOIs were detected in less than 5 percent of the samples: 

0 Cyanide detected in four of 174 samples (Figure 2.145); 

0 

0 

4,4'-DDT detected in five of 129 samples (Figure 2.146); 

Carbon disulfide detected in one of 285 samples (Figure 2.147); and 

Pyrene detected in one of 156 samples (Figure 2.148). 

For cyanide, the four detected concentrations exceeded the ESL. Sixdarly, for 4,4'-DDT 
all five detected concentrations were above the ESL. The remaining sample results for 
these contaminants were nondetect and did not demonstrate a spatial trend concentrated 
in aquatic habitat areas. Given the minimal exceedance of the detected values as 
compared to their respective ESLS, and the limited spatial extent of their occurrence, 
these ECOIs are unlikely to create an unacceptable risk to the aquatic populations within 
the WC AEU and have also been eliminated from further consideration as ECOPCs. 
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Carbon disulfide and pyrene had single detected sample results which occurred above 
their respective ESLs. These results indicate that these contaminants are unlikely to 
impact aquatic populations within the WC AEU. They were therefore removed from 
further consideration as ECOPCs. 

0 
Of the remaining inorganic ECOIs in surface water, aluminum (total), copper (dissolved), 
iron (dissolved), lead (dissolved), manganese (dissolved), vanadium (total), and zinc 
(dissolved) concentrations were not statistically greater than background. These ECOIs 
were eliminated from further consideration as ECOPCs because it is unlikely that they 
present risks to the populations of receptors that inhabit Woman Creek. The potential for 
risk posed by these metals is unlikely to exceed that posed by normal background 
conditions. 

The EPC-ESL screen eliminated barium (total), beryllium (total), cobalt (total), lithium 
(total), mercury (dissolved), selenium (total), thallium (total), americium-241, plutonium- 
239/240, uranium-233/234, and uranium-238 as ECOIs from further consideration as 
ECOPCs. While the MDCs for these contaminants were greater than their respective 
ESLs, the UTL EPCs for these ECOIs were less than the ESLs (Table 2.8). Therefore, 
these contaminants were not considered to pose risk to aquatic receptors. However, to 
ensure that these ECOIs were not a concern in surface water for an isolated aquatic 
population associated with a pond within Woman Creek, the spatial distributions of these 
ECOIs were evaluated by plotting the concentrations in relation to the ESL. The spatial 
,distributions of these contaminants are shown in Figures 2.149 through 2.159. A 
summary of their spatial extent as compared to their respective ESLs is described as 0 follows: 

Barium, beryllium, cobalt, and lithium occurred with a total concentration above 
the ESL at six or fewer locations within WC AEU (Figures 2.149,2.150,2.151, 
and 2.152). The remainder of the locations throughout the AEU were below the 
ESL or at nondetected concentrations; The spatial distribution of these metals 
does not indicate that there is a risk to isolated aquatic populations. 

Mercury (dissolved) occurred with two measured concentrations greater than the 
ESL from locations within the SID (Figure 2.153). The remaining detected values 
within the channel area etc., all fell below the ESL or were at nondetect values. 
Mercury (dissolved) would not pose an unacceptable risk to isolated aquatic 
populations. 

- 

Selenium (total) occurred at severd locations above the ESL along the WC AEU channel 
(Figure 2.154). However, there is no spatial concentration of selenium in aquatic habitats 
and selenium will not pose a risk to aquatic organisms in this drainage. 

Thallium (total) occurred at three locations (two within the SID) at a concentration 
greater than the ESL (Figure 2.155). The remaining concentrations were either below the 
ESL or at nondetect levels. This metal is unlikely to pose a risk to aquatic populations. 
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Americium-24 1, and plutonium-239/240 had measured concentrations greater than the 
ESL in the SID or tributaries outside of the main channel of the WC AEU (Figures 2.156 
and 2.157). Uranium-233/234 and uranium-238 and had only one measured concentration 
greater than the ESL within the channel portion of the WC AEU (Figures 2.158 and 
2.159). These radionuclides do not demonstrate a spatial trend of concern to aquatic 
populations. The UTL for each of these radionuclides was less than their respective ESL 

. values, indicating a minimal risk potential. 

Ammonia, cadmium (dissolved), and silver (dissolved) were identified as ECOPCs 
requiring further evaluation within the risk characterization. The spatial extent of these 
ECOPCs is shown in Figures 2.160,2.161 and 2.162. Within these figures, the un-ionized 
ammonia fraction results are compared to the ESL, while the site-specific hardness 
derived ESL is compared to dissolved cadmium and dissolved silver surface water 
results. 

Sediment 

Table 2.9 summarizes the results of the sediment ECOPC identification process. There 
were 16 metals (aluminum, antimony, arsenic, barium, cadmium, chromium, copper, 
fluoride, iron, lead, manganese, mercury, nickel, selenium, silver and zinc) and twenty 
three organics (2-butanone, 2-methylnaphthalene, 4-methylphenol, 4,4’-DDT, 
acenaphthene, anthracene, Aroclor- 1254, benzo(a)anthracene, benzo(a)pyrene, 
benzo(g,h ,i)perylene, benzo( k)fluoran thene, chry sene, dibenz(a,h)an thracene, 
fluoranthene, fluorene, gamma- BHC, heptachlor, indeno( 1 ,2,3-cd)pyrene7 naphthalene, 
pentachlorophenol, phenanthrene, and pyrene) with MDCs greater than ESLs. In 
addition, the total maximum PCB and TEQ dioxin values were greater than ESLs. 

Seven of these ECOIs were detected in less than 5 percent of the samples: 

2-Methylnaphthalene detected in one of 61 samples (Figure 2.163); 

4,4’-DDT detected in one of 59 samples (Figure 2.164); 

Dibenz(a,h)anthracene detected in two of 60 samples (Figure 2.165); 

Fluorene detected in one of 61 samples (Figure 2.166); 

rn Gamma-BHC detected in one of 59 samples (Figure 2.167); 

Naphthalene detected in two of 61 samples (Figure 2.168); and 

’0 Pentachlorophenol detected in one of 61 samples (Figure 2.169). 

The measured concentrations of these ECOIs were greater than their ESLS (with the 
exception of one detection for naphthalene). However, only one or two of the samples for 
these chemicals actually had detectable concentrations. These chemicals did not 
demonstrate a spatial trend concentrated in aquatic habitat areas. Most of the chemicals 
were detected in non-habitat settings typically associated with the SID. Given the limited 
spatial extent of their occurrence, these ECOIs are unlikely to create an unacceptable risk 
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to the aquatic populations within the WC AEU and have been eliminated from further 
consideration as ECOPCs; 

There were no ECOIs eliminated as a result of the statistical background screen. 

The EPC-ESL screen eliminated arsenic, chromium, manganese and 2-butanone as 
ECOIs from further consideration as ECOPCs. While the MDCs for these contaminants 
were greater than their respective ESLs, the UTL EPCs for these ECOIs were less than 
the ESLs (Table 2.9). Therefore, these contarninants were not considered to pose risk to 
aquatic receptors. However, to ensure that these ECOIs were not a Loncern in sediment 
for an isolated aquatic population associated with ponds within Woman Creek, the spatial 
distributions of these ECOIs were evaluated by plotting the-concentrations in relation to 
the ESL. The spatial distributions of these contaminants are shown in Figures 2.170 
through 2.173. A summary of their spatial extent as compared to their respective ESLs is 
described as follows: 

Arsenic occurred with one concentration above the ESL at a location within 
Pond C-2 (Figure 2.170), one location within the channel and one location outside 
of true aquatic habitat areas. The remaining samples throughout the AEU were 
below the ESL. The spatial distribution of arsenic does not indicate that there is 
an unacceptable risk to isolated aquatic populations. 

i 

Chromium occurred with concentrations above the ESL at only one location 
associated with the SID (Figure 2.171). The remaining samples throughout 
the AEU were below the ESL. The spatial distribution of chromium does not 
indicate that there is an unacceptable risk to isolated aquatic populations. 

Manganese occurred with three concentrations above the ESL within the channel 
portion of WC AEU (Figure 2.172). The remaining samples throughout the AEU 
were below the ESL. The spatial distribution of manganese does not indicate that 
there is an unacceptable risk to isolated aquatic populations. 

2-Butanone occurred with two concentrations above the ESL. One locations was 
within the channel while the second was outside of true aquatic habitat areas 
(Figure 2.173). The remaining samples throughout the AEU were below the ESL 
or at nondetect levels. The spatial distribution of 2-butanone does not indicate that 
there is an unacceptable risk to isolated aquatic populations. 

- 

The EPC-ESL screen indicated that aluminum, antimony, barium, cadmium, copper, 
fluoride, iron, lead, mercury, nickel, selenium, silver, zinc, 4-methylphenol, 
acenaphthene, anthracene; Aroclor-1254, benzo(a)anthracene, benzo(a)pyrene, 
benzo(g,h,i)perylene, benzo(k)fluoranthene, chrysene, fluoranthene, heptachlor, 
indeno( 1,2,3cd)pyrene, phenanthrene, and pyrene are ECOPCs requiring further 
evaluation within the risk characterization. The spatial extent of each of these ECOIs 
within the WC AEU is provided in Figures 2.174 through 2.202. Total PCBs are also 
spatially shown within Figure 2.191. Total PAH concentrations by location were also 
spatially demonstrated (Figure 2.188) however this information was used as a chemical 0 
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characterization line of evidence for the risk characterization and not used as part of the 
ECOPC process. . 

Total PCBs and TEQ dioxins were also retained for further evaluation. Total maximum 
detected PCB concentration is provided in Table 2.10 while the Dioxin TEQ summary is 
provided in Table 2.1 1. These values each exceeded their respective ESL, therefore these 
chemical groups were retained as ECOPCs for further risk characterization. 

3.0 ECOLOGICAL EXPOSURE ASSESSMENT 

An exposure pathway describes a specific environmental route by which an individual 
receptor could be exposed to Contaminants present at or originating from a site. A 
complete exposure pathway includes five elements: source, mechanism of release, 
transport medium, exposure point, and intake route. If any of these elements are missing, 
the pathway is considered incomplete. It is assumed that aquatic life may be exposed to 
surface water and sediment-related ECOPCs via several routes (direct contact, inhalation, 
and ingestion) for the purposes of the AEU evaluations. 

The ECOPC identification steps identified ECOPCs for both surface water and sediment 
for the AEUs (NW AEU, SW AEU, and WC MU). The UCL and 95th UTL for each 
ECOPC (or the MDC, whichever was less) were used as the EPCs for evaluating 
exposure from each ECOPC within surface water and sediment. 

It was assumed that receptors obtain 100 percent of their exposure from each 
respective AEU and are likely to integrate exposure over suitable habitat across the entire 
drainage. In the interest of being conservative, it was also assumed that ECOPCs in 
possible non-habitat areas (which were, nonetheless, sampled due to the presence of 
surface water and/or sediment, and had a possible connection to the drainage hydrology 
as a whole) would contribute to possible future exposure conditions to aquatic receptors 
that reside downgradient. This assumption likely overestimates the exposure of these 
receptors because the hydrologic connectivity is unknown or unlikely. 

In order to evaluate more current and realistic exposure conditions within the risk 
characterization, surface water data collected ‘post-1999’ (from 1/1/2000 to present) were 
evaluated, as well as surface sediment (0 - 6 inches in depth) conditions for the ECOPCs. 
The post-1999 surface water data results reflect more current and accurate exposure 

. conditions than older data. Similarly, the surface sediment reflects the habitat depth of 
sediment typically occupied or disturbed by aquatic receptor where the exposure pathway 
is potentially complete. These two media were evaluated as part of the chemical risk lines 
of evidence for the risk characterization. 

4.0 ECOLOGICAL TOXICITY ASSESSMENT 

The ESLs presented in the CRA Methodology are concentrations below which adverse 
effects are not expected and provide a conservative lower bound indicating 
concentrations at which the potential for adverse effects are possible. 

DEN/EO32W5011 .DOC 30 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 15B2 
Aquatic Exposure Units 

Several ECOPCs were identified for both surface water and sediment in the AEUs 
(Section 2.0). Several detected ECOIs were not included in the search for ESLs provided 
in Appendix B of the CRA Methodology (DOE 2004a). Therefore new ESLs were 
identified using the steps described in Appendix B of the CRA Methodology where 
available. These additional ESLs that were identified after completion of the CRA 
Methodology are provided in Attachment 5. 

ESLs are conservative benchmarks that provide an upper-bound estimate of 
concentrations that are not expected to cause adverse effects. As an additional measure of 
the potential toxicity, alternative toxicity (AT) values were identified for consideration in 
the risk characterization of ECOPCs to provide a reasonable estimate of concentrations at 
which the potential for adverse effects are possible (Attachment 5). AT values represent 
literature-derived toxicity values for contaminants that reflect upper-bound 
concentrations above which adverse effects are possible. The ATs were not provided in 
the CRA Methodology but provide an important role in the description of potential risk to 
aquatic receptors. 

Concentrations between the ESL and AT values are within the range of uncertain toxicity 
where adverse effects are occasionally observed. The use of both the ESL and AT for 
each ECOPC brackets the potential for risk from each ECOPC and allows an evaluation 
of the likelihood of potential risk. 

Aquatic ATs vary in their endpoint and receptor of interest. The available literature was 
reviewed to identify suitable AT values for each ECOPC that are less conservative than 
the ESL, yet correlative to a lowest observed adverse effect level (LOAEL) or similar 
measure. The selection process for AT values, their endpoints, and sources are described 
in Attachment 5. 

0 

5.0 AEU-SPECIFIC ECOLOGICAL RISK CHARACTERIZATION 

Characterization of risk focuses on weight-of-evidence conclusions from multiple lines of 
evidence (LOEs) for each assessment endpoint. This includes discussion of the potential 
for risk for each receptor group and level of biological organization (i.e., individuals and 
populations), as appropriate for the assessment endpoints. As noted by EPA (EPA 1997), 
a well-balanced risk characterization should “...present risk conclusions and information 
regarding the strengths and limitations of the assessment for other risk assessors, EPA 
decision-makers, and the public.” According to the CRA Methodology, the AEU risk 
characterization process may include the following types of analyses: 

- 

Consider the magnitude and frequency of refined site-specific ESLs and ATs as a 
measure of the likelihood or extent of potential risk; 

Evaluate the spatial variability of ECOPC concentrations by mapping the location 
and magnitude of concentrations exceeding ESLs; 

Review the relative bioavailability of ECOPCs; 
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Evaluate site-specific tissue data as evidence of exposure to selected ECOPCs; 

Review previous risk assessment data; 

Perform tiered geospatial analysis; and 

Use other risk characterization methods as necessary and appropriate to describe 
the potential for risk. 

These types of analyses were incorporated into the approach used for the AEU risk 
characterization process and, specifically, development of contaminant risk LOEs and 
review of otheddrainage lines of evidence. The LOEs gathered from the contaminant risk 
characterization were combined with the LOEs from the otheddrainage studies to 
formulate a weight-of-evidence risk conclusion. A single contaminant risk LOE can 
provide either an overestimate or underestimate of the actual risk conditions. Similarly, 
aquatic populations may be affected by the physical conditions of the stream, which 
would hinder definitive recognition or identification of toxic effects. Therefore, multiple 
LOEs need to be reviewed before a risk characterization can be completed. 

5.1 Contaminant Lines of Evidence 

Within the contaminant risk LOE evaluation, the identified ECOPCs were further 
evaluated in a series of steps. The actual steps taken for risk characterization depended on 
the type of contaminant being evaluated and the media in which it was detected (surface 
water versus sediment). Contaminant risk characterization generally followed these steps: 

ECOPCs were identified based on comparison of the MDC to ESLs. While an MDC less 
than the ESL indicates that adverse effects associated with exposure to a given analyte 
are highly unlikely (EPA, 1997a), an MDC greater than or equal to the ESL does not 
indicate that risks are actually present, only that the potential for adverse effects cannot 
be excluded. Therefore, the first step in the risk characterization involved a hazard ' 

quotient (HQ) assessment, comparing the upper confidence limit on the mean 
concentration (UCL) and.the UTL value to the ESLs (CRA Methodology ESLs or site- 
specific ESLs) and ATs. The UCL provided a measure of the central tendency of 
contaminant concentrations, while the UTL provided an upper-bound contaminant 
concentration. 

- 

As described in Section 2.0, the ECOPC identification process used ESLs from the CRA 
Methodology. For risk characterization, site-specific ESLs and ATs were developed 
where appropriate using site-specific water quality conditions. These ESLs and ATs were 
compared to surface water and sediment MDC and EPC values for the HQ process. Site- 
specific ESLs were developed for certain contaminants when toxicity was found to be 
dependant upon site-specific surface water quality conditions. Divalent metals, ammonia, 
pentachlorophenol, and uranium in surface water were all reviewed using available site- 
specific hardness conditions (for the divalent metals and uranium). Site measurements of 
pH were included in calculations for ammonia and pentachlorophenol to develop 
appropriate ESLs. These methods and results are described in greater detail in 
Attachment 5. If individual PAH constituents were identified as ECOPCs in sediment, 
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then an evaluation of total PAH risk was completed. The process for evaluating total 
PAHs was as follows; 

1. PAH compounds detected in greater than 5 percent of the samples were included 
. in the total calculations. 

2. The sum of PAHs was determined for each sample, using one-half the detection 
1 i mi t for n on de tec t ed chemic a1 s . 

3. The maximum total PAH value was compared to the “total PAH” ecological 
screening level (ESL) for the risk characterization screen, and 

4. the total detected PAHs for each sample was calculated for surface sediment and 
compared to the ESL for the risk characterization screen. 

Both the total PAH and total detected PAH values were used in the risk characterization 
screen. The calculated total PAH values by sample, and the total maximum detected 
values by location are provided in Attachment 6. 

The HQs were developed using the following standard equation: 

HQ = EPCESL or AT 

where: 

EPC = Media-specific EPC (micrograms per kilogram [pgkg], picocuries per 
kilogram [pcikg], or milligrams per kilogram [mgkg] for sediment: p a ,  
picocuries per liter [pCi/L], or mg/L for surface water) 

ESL = Media-specific ESL (comparable units to the EPC) 

AT = Media-specific Ecological AT (comparable units to the EPC) 

The second step of contaminant risk characterization was to evaluate the data distribution 
and frequency of exceedances for each ECOPC. The number of both nondetect and 
detected sample concentrations greater than the ESL (concentrations at which the 
potential for adverse effects are unlikely) and AT values (concentrations at which the 
potential for adverse effects are probable) were shown as a concentration distribution 
curve for each ECOPC. Adverse effects are possible and cannot be excluded for sample 
concentrations between the ESL and AT, but it is not known if they will occur. The 
concentration distribution evaluation calculated the frequency of exceedance for each 
ECOPC and graphically displaying the individual data results relative to ESL and AT 
values. An example of a data concentration distribution curve is shown in Figure 5.1. An 
ESL frequency of exceedance effect level of 20 percent was selected as a screening 
criteria protective of population-level endpoints such as those identified for this 
assessment. If 80 percent or more of a population is not likely to be affected, then the risk 
is not considered biologically significant (Suter et a]. 2000). This level is consistent with 
current EPA regulatory practices (e.g., development of the National Ambient Water 
Quality Criteria [NAWQC] and effluent discharges regulated by the National Pollutant 
Discharge Elimination System [NPDES]) and measurement limits for many field and 0 
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laboratory tests (Suter et al. 2000). Using available methods, changes in natural 
populations of less than 20 percent cannot generally be differentiated from background in 
the measurements. It was concluded that adverse effects to aquatic populations from an 
ECOPC were not significant if fewer than 20 percent of the samples exceeded the ESL 
values. For certain organic chemicals, the analytical reporting limits can vary 
significantly, especially for solid media analysis where the media may cause interference 
with the analytical method. At times the reported limit can be greater than the ESL and 
introduce an uncertainty into the risk characterization process. For this assessment, the 
organic sediment ECOPCs were evaluated to determine if reported limits do occur at 
levels greater than the ESL and the AT benchmarks. HQ distributions for these all 
ECOPCs are presented in Section 5.0 tables and differentiate between ESL exceedances 
by detected and nondetected concentrations. 

The third step of contaminant risk characterization was to evaluate the spatial distribution 
of concentrations of ECOPCs, which involved mapping each measured concentration 
relative to the ESL. The spatial extent was evaluated to identify any potential areas that 
could present a localized risk to aquatic organisms. If all measured results were greater 
than the ESL within a habitat area, then the potential for risk could not be excluded. If, 
however, ESL exceedances were from samples collected in non-habitat areas (for . 

instance, storm channels, drains or other isolated areas) or were widely dispersed, then 
there may be a low potential of risk. Figure 1.7 provides a delineation of true aquatic 
habitat settings within the site. (Note: The maps from Section 2.0 of this vohme that are 
used for the spatial distribution evaluation are based on the CRA Methodology ESLs. For 
some ECOPCs, a site-specific ESL was used to calculate HQs for the first step of risk 
characterization. This site-specific ESL may result in HQs less than 1. Therefore,’for 
some ECOPCs, there are exceedances of CRA Methodology ESLs shown on the map 
used for the spatial distribution evaluation, but there are no exceedances of site-specific 
ESLs in the data set.) 

The fourth step of contaminant risk characterization involved the evaluation of ECOPCs 
in other applicable fractions of the media in order to understand current conditions or 
spatial extent. For surface water, a data set for “post-1999” was developed and used for 
comparison to the comprehensive AEU data sets where appropriate. This fraction 
represents more current and realistic exposure conditions to aquatic life. For sediment, 
surface sediment (0 to 6 inches in depth) ECOPC values were reviewed because surface 
sediment data are more relevant to aquatic organism exposure, the surface sediment data 
were reviewed for some of the ECOPCs, and the results were compared to ESLs and 
ATs. In addition, sediment ECOPCs were reviewed in regards to adjacent soils 
concentrations. This was completed because adjacent surface soils may act as a source for 
future sediment-related exposure conditions to aquatic receptors through future runoff 
and erosion. For each sediment ECOPC, an analysis of adjacent surface soil 
concentrations relative to sediment ESLs was completed to determine potential future 
risk conditions. Surface soils within 20 feet of the wetted edge of each water body were 
considered in this evaluation. Attachment 6 provides data summaries for the post-1999 
surface water, surface sediment, and adjacent soils data. 
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5.2 Othermrainage Specific Lines of Evidence 

In addition to the contaminant LOEs, a second component of risk characterization was 
the review of conclusions from otheddrainage reports and studies. The ecological setting 
of RFETS is a key to understanding the controlling factors other than contaminant 
concentrations that affect the ecology of each drainage. These LOEs consist of previously 
collected data from the OU 5/0U 6 Watershed Ecological Risk Assessment (ERA), 
ecological monitoring data, and others. These studies defined ecological conditions of the 
site over time and provided insight to the changes, adverse effects, or controlling factors 
that may have been affecting the site ecology. Each study provided a LOE describing the 
ecological risk setting. 

Attachment 7 provides a summary of other LOEs gathered from previous studies that 
were conducted within RFETS and which focused on the MUS. LOEs that can provide 
information regarding risk conditions to aquatic life can be derived using a number of 
strategies (measurement endpoints). Previous studies completed within RFETS that 
encompass aquatic life measurement endpoints fell within the following four categories: 

Tissue Analyses - Included sampling and analysis to determine bioaccumulation . 

and bioconcentration trends; 

Aquatic Population Studies - Evaluated populations of benthic 
macroinvertebrates and fish within RFETS; 

Bioassay Analyses - Measured direct toxicity effects to laboratory test organisms 
from potentially contaminated surface water or sediment; 

WaterfowVWading Bird Studies - Determined the potential impacts to these 
higher trophic level receptors by assessing their potential exposure to aquatic 
species as food sources (recording feeding behaviors and ranges); and 

Attachment 7 provides a summary of previous studies by type of LOE (ie., tissue 
analyses, aquatic population studies, bioassay analyses, waterfowllwading bird studies, 
and contaminant loading analyses, etc.) presented in a chronological timeframe. The 
methods, conclusions, and application to this CRA also are provided. A summary of 
findings is then presented within the risk characterization in order to draw weight-of- 
evidence risk conclusions. 

5.3 Risk Characterization of the NW AEU 

ECOPCs were identified for both surface water and sediment within the NW AEU. A 
contaminant risk characterization using the various LOEs was completed for these 
contaminants. The NW AEU has been studied by others in order to define the aquatic 
ecological setting. The results from these studies were compiled to formulate the 
otheddrainage lines of evidence (Attachment 7). The combination of the contaminant risk 
characterization and the otheddrainage LOEs provides the risk conclusions for this AEU. 

0 
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This risk characterization begins with a site ecological setting description in order to 
provide perspective regarding the aquatic ecosystem characteristics associated with the 
NW AEU. The contaminant risk LOEs and the otheddrainage LOEs are then described, 
followed by a weight-of-evidence summary of these risk descriptors. 

5.3.1 Site-Specific Habitat Description 

The NW AEU encompasses the watershed components associated with the North Walnut 
drainage. Runoff from the northern portion of the IA flows into North Walnut Creek, 
which has a series of retention ponds (Ponds A-1 , A-2, A-3, and A-4). North Walnut 
Creek upstream of Pond A 4  is classified as stream Segment 5 in the Big Dry Creek basin 
by the Colorado Water Quality Control Commission (WQCC). North Walnut Creek has 
continuous flow at approximately 150 acre-feet (ac-ft) per year. These flows are likely to 
diminish with the removal of buildings and pavement from the IA, which will 
significantly reduce the volumes and peak discharge rates of runoff. Pond A-1 is isolated 
from North Walnut Creek by design and does not receive runoff from the IA. 
Historically, it was held in reserve to catch runoff in the event of a hazardous waste spill 
in the northern portion of the IA. 

Fathead minnows (Pimephales promelas), a native species, are present in the A ponds 
and are the dominant fish species found in this AEU. A variety of non-native fish species 
(rainbow trout (Salmo Gairdneri), carp (Cyprinus carpio), and bass (Micropterns sp.) 
were inadvertently introduced into the Walnut Creek ponds, although these introductions 
have not resulted in established reproducing fish populations. Golden shiners 
(Notemigonus crysoleucas), a non-native fish, is also present in the A Ponds. 

Within the Walnut Creek area, the most common aquatic macroinvertebrates are the 
larvae of the blackfly (Order Diptera, Simulidae sp.) midge (Order Diptera, 
Chironomidae sp), mayfly (Order Ephemeroptera) (DOE, 1997) and scuds (Hyalella 
azteca) (AAI 2003). Other species include caddisflies (Order Trichoptera), craneflies 
(Tipulidae sp.), and damselfly larvae (Order Odonata), as well as snails (Class 
Gastropoda) and other amphipods (Order Amphipoda). Large macroinvertebrates such as 
crayfish (Order Decapoda, Family Cambaridae) and snails are potentially important prey - 
for other fish, waterfow1,'and mammal species. 

5.3.2 Exposure and Risk Characterization 

Contaminant Risk Characterization Lines of Evidence 

Tables 5.1 and 5.2 provide the HQs for the comprehensive surface water data set and the 
post-1999 surface water data set. Tables 5.3 and 5.4 provide the HQs for the 
comprehensive sediment (includes all depth fractions) and surface (0-6 inches) sediment 
data sets for the sediment ECOPCs, respectively. HQs derived from the ESL and AT 
values for each contaminant are provided for MDC, UCL, and UTL EPCs for each of the 
four data sets. Table 5.5 provides the frequency and magnitude of comprehensive surface 
water and sediment HQs based on ESLs. Concentration distributions of ECOPCs in 
surface water and sediment media in relation to ESLs and AT benchmarks are presented 
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in Figures 5.2 through 5.43. The results of the contaminant risk characterization are 
presented below by medium (surface water and sediment) and by contaminant. 

Surface Water ECOPCs 
Aluminum (Total) 

The MDC for aluminum in NW M U  surface water (442 m a )  exceeded the screening 
ESL (0.087 m a ) .  A total of 544 samples from NW surface waters exceeded the 
screening ESL for aluminum. These samples were collected between July 1991 and 
February 2005. Although the high frequency of exceedances by detected concentrations 
(86 percent) suggests a potential for adverse effects, there is considerable uncertainty 
because the use of the chronic screening ESL for evaluation of aluminum toxicity is 
likely not appropriate for this site. 

0 

Aluminum toxicity in surface water is complex and the screening ESL (CDPHE 2005a, 
EPA 2002) is based on guidance that is not entirely appropriate for surface waters of 
Colorado. The EPA and the State of Colorado have recognized that total aluminum 
measurements often measure nontoxic clay fractions in surface water and that the true 
EPC would fall between the dissolved and total fraction concentrations. Therefore, 
CDPHE recently indicated that the acute criterion (0.750 m a )  should be used instead of - 

the chronic value when pH is greater than 6.9 and hardness is greater than 50 ppm, [CO 
basic standards work group, October 8,20041. Because pH and water hardness in the 
N W  AEU meet these requirements, the acute criterion was considered the appropriate 
refined ESL for evaluation of aluminum toxicity. The guidance does not stipulate 
whether this refined value should be compared to total or dissolved aluminum; however, 
the total aluminum fraction was selected as a basis for comparison to the standards as a 
conservative measure in this assessment (Attachment 5). The UCL and UTL EPCs from 
the comprehensive surface water data set also exceed the refined ESL with respective 
HQs of 27 and 41 (Table 5.1). AT-HQs could not be calculated due to a lack of literature- 
derived AT values. 

0 

Aluminum was detected in 95 percent of the samples. Approximately 40 percent of the 
total aluminum concentrations at the site fall below the refined ESL. The data 
concentration distribution is provided in Figure 5.2. The magnitude and frequency of HQ - 
values for the data set based on the Refined ESL are presented in Table 5.5. As shown, 
the detected results fell within the HQ range of 5 1 to > 10, and a total of 401 detected 
concentrations of total aluminum (59 percent) exceeded the ESL. Of these, 366 detected 
samples had HQs less than 5, suggesting a low potential for risk at these locations. 
However, 41 percent of detects had HQs greater than 5. This indicates that total 
aluminum concentrations occur within the range of uncertainty where there is the 
potential for adverse effects. 

Because the true aluminum EPC falls somewhere between the total and dissolved 
aluminum measurements, evaluation of the magnitude and frequency of exceedances for 
dissolved aluminum provides a lower bound for the true potential risk. Of the 1,146 
samples with detected concentrations of dissolved aluminum (1,146 detected of 1,258 
samples), only 20 exceeded the refined ESL. Therefore, potential for adverse effects 
indicated by dissolved aluminum is low, because there is a low frequency of exceedance 
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The spatial distribution of aluminum concentrations relative to the ESL is shown in 
Figure 2.28. Several locations within channel and pond areas had measured 
concentrations greater than the ESL. However, the majority of locations where the 
measured concentrations were greater than the ESL occurred outside of channel and 
habitat settings. The spatial distribution indicates that less than 20 percent of the 
measured concentrations that were greater than the ESL occur within true aquatic habitat 
settings. Approximately 14 of the sample locations with concentrations greater than the 
ESL occur within the channel and pond areas, while 24 occur within storm channels, 
building drain areas or isolated pockets of surface water and sediment overlapping with 
the IA portion of the AEU. 

Review of the post-1999 (January 2000 through 2005) data set identified an MDC which 
is less than the AEU comprehensive data set MDC used within this assessment. ESL-HQs 
for UCL and UTL EPCs from the post-1999 surface water data set were 3 1 and 63, 
respectively (Table 5.2).As both the MDC and UCL values in the post-1999 data were 
less than for the entire data distribution, it appears that current exposure conditions are 
similar to the historic conditions. 

In summary, there is a lack of available literature from which to understand the frequency 
and magnitude of HQ exceedances for the true aluminum EPC (i.e., the EPC value lies 
between the dissolved fraction of aluminum and total aluminum). However, assessment 
of the frequency of exceedance for total aluminum (57 percent) and dissolved aluminum 
(2 percent) provide and upper (moderate potential) and lower (low potential) bound for 
potential for risk. Additionally, the analysis of the spatial distribution of aluminum 
concentrations indicates that the majority of exceedances occurred outside of channel and - 

habitat settings. These results suggest that risk to water column organisms from exposure 
to aluminum is low. 

Ammonia 

The MDC for ammonia in NW AEU surface water (0.204 m a )  exceeded the screening 
ESL (0.02 m a ) .  A total 'of 75 detected samples from NW surface water exceeded the 
screening ESL for unionized ammonia. These samples were collected between July 1991 
and May 1997. The high frequency of exceedances by detected concentrations 
(37 percent) suggests that the potential for adverse effects cannot be excluded; however, 
the magnitude of these exceedances were not very high (510). 

The screening ESL for ammonia was derived from CDPHE (2005a), and represents 
unionized ammonia. The unionized ESL HQs for UCL and UTL EPCs from the 
comprehensive surface water data set were 2 and 4, respectively (Table 5.1) (the ESL was 

DENIEo32005011 .DOC 38 



~ 

RCRA Facility Investigation - Remedial Investigation/ I Appendix A, Volume 15B2 
Corrective Measures Study - Feasibility Report Aquatic Exposure Units 

unchanged from the screening value). The AT value for ammonia (0.15 mg/L) was the 
acute water quality criterion, and was pH- and temperature-adjusted using a SW AEU 
specific average pH of 7.6 and an estimated temperature of 20°C (Attachment 5). The AT 
ESL HQs for UCL and UTL EPCs were both less than 1, and for the MDC was less than 
2. These HQ values indicate a low risk potential attributable to ammonia. 

Ammonia was detected in 68 percent of the samples. The concentration distribution is 
provided in Figure 5.3. As shown in this figure, approximately 60 percent of the values 
fall below the ESL value, while the average concentration is slightly greater than the 
ESL. The magnitude and frequency of HQ values for the data set based on the Refined 
ESL are presented in Table 5.5. The detected results were within the HQ range of 5 1 to 
>lo. Additionally, the frequency of exceedances by detected concentrations was 
moderate (37 percent). This indicates that ammonia concentrations occur within the range 
of uncertainty where there is the potential for adverse effects. However, the unionized 
ammonia ESL-based HQs are generally low (92 percent are less than 5 and 99 percent are 
less than lo), indicating a minimal risk potential. There also is a low frequency of 
exceedances (1 8 percent; n=37) of the AT (Figure 5.3), providing further support that an 
unacceptable potential for risk from ammonia in surface water at NW AEU is unlikely. 

The spatial distribution of ammonia concentrations relative to the site-specific ESL is 
shown in Figure 2.29. Several locations within channel and pond areas had measured 
concentrations greater than the ESL. However, a number of locations within these same 
settings had measured concentrations less than the ESL or at nondetect levels. The spatial 
distribution of ammonia is not wide-spread nor consistently elevated as compared to the 
ESL. Because exceedances occurred in aquatic habitat areas, the potential for risk could 
not be excluded based on this LOE. 

ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set could not be 
calculated due to the lack of available data (Table 5.2). 

Evaluation of the available chemical LOEs for ammonia indicates a low magnitude of 
exceedance (ie., 99 percent of HQs < 10 and MDC of only 10.02) and limited spatial 
extent of the occurrence of exceedances. Additionally, there is a low frequency of 
exceedance (ie., < 20 percent) of the AT. Therefore, there is low potential for adverse 
effects to aquatic life attributable to this ECOPC. 

Cadmium (Dissolved) 

The MDC for cadmium (dissolved) in NW AEU surface water (0.02 mg/L) exceeded the 
screening ESL (0.00025 m a ) .  A total of 44 samples from NW surface waters exceeded 
the screening ESL for cadmium. These samples were collected between July 1991 sand 
March 2004. The low frequency of exceedances by detected concentrations (8 percent) 
suggests that potential adverse effects may not be widely distributed. 

The cadmium screening ESL is hardness dependant and was calculated after CDPHE 
(2005a) using an estimated hardness of 100. Site specific hardness in N W  AEU was 
determined to be 241 (Attachment 5); and, a refined ESL based on this site-specific 
hardness is 0.0043 mg/L. The MDC for cadmium (dissolved) still exceeded this refined 
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ESL, but with a low magnitude HQ (5). ESL-HQs for UCL and UTL EPCs from the 
comprehensive surface water data set were <1 in both cases (Table 5.1). The AT for 
cadmium is the acute water quality criterion. This site-specific, hardness adjusted AT 
value is 0.01 11 mg/L. AT HQs for UCL and UTL EPCs were < 1 and the AT HQ for the 
MDC was < 2. 

Cadmium was detected in 23 percent of the samples. The concentration distribution is 
provided in Figure 5.4. As depicted in this figure, the UTL and average fall below the 
refined ESL value, as do the majority of the data. Specifically, the frequency of 
exceedance for the refined ESL was 11 of 533 (2 percent) (Table 5.5). Additionally, HQs 
for all detected samples that exceeded the refined ESL were 4. Given the low frequency 
and magnitude of exceedances there is a low potential for risk from cadmium to aquatic 
populations within the NW AEU. 

The spatial distribution of cadmium relative to the site-specific refined ESL is shown in 
Figure 2.30. One location within the channel area exceeded this ESL. The remaining 
locations within the channel and pond settings were either less than the ESL or at 
nondetect levels. Several locations outside the aquatic habitat areas, and within the IA 
overlapping portion of the AEU had measured values greater than the refined ESL. These 
samples do not represent complete exposure pathways to aquatic receptors in the 
NW AEU. Because the few exceedances are generally not within aquatic habitat areas, 
the spatial extent of cadmium does not provide a risk concern to aquatic populations 
within the NW AEU. 

Refined ESL-HQs for MDC, UCL, and UTL EPCs from the post-1999 surface water data 0 
set were <1 (Table 5.2). These HQ values indicate that cadmium is not a current risk to 
aquatic populations within the NW AEU. 

Results for the available chemical LOEs for cadmium indicates that UCL and UTL EPCs 
do not exceed the refined ESL, there is a very low frequency and magnitude of 
exceedances (i.e., only 2 percent of samples exceeded the refined ESL and the all HQs 
were < lo), and minimal occurrence of exceedances within aquatic habitat areas. 
Additionally, the MDC, UCL, and UTL EPCs for the post-1999 data set do not exceed 
the refined ESL. Therefore, the weight-of evidence conclusion is that there is no or low 
potential for adverse effects to aquatic life attributable to this ECOPC. 

Cyanide 

The MDC for cyanide in NW AEU surface water (0.146 mg/L) exceeded the screening 
ESL (0.0005 mg/L). A total of 24 detected samples from NW surface water exceeded the 
screening ESL for cyanide. These samples were collected between July 1991 and 
June 1995. The low frequency of exceedances by detected concentrations (16 percent) 
suggests that potential adverse effects may not be widely distributed. ESL-HQs for UCL 
and UTL EPCs from the comprehensive surface water data set were 26 and 44, 
respectively (Table 5.1). The screening ESL for cyanide was derived from CDPHEi 
(2005a). The chronic ESL, expressed as free cyanide, was estimated from the acute 
screening value using an uncertainty factor of 10. This is very conservative given that 
total cyanide was measured at the site, and no measure of the free cyanide fraction is 

- 
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available. Additionally, cyanide is not predicted to persist in aquatic environments as it 
readily degrades under normal conditions, with volatilization accounting for most of the 
free cyanide removal (Eisler, 2000). Alternative screening benchmarks presented in 
MacDonald et al. (1999) range from 0.003 mg/L for the District of Columbia (EPA 1988) 
up to 0.04473 mg/L for the Great Lakes final acute value (EPA 1992). An acute surface 
water benchmark value of 0.005 mg/L was considered the AT value (CDPHE 2005a). 
AT-HQs for UCL and UTL EPCs from the comprehensive surface water data set were 3 
and 4, respectively (Table 5.1). These characteristics are also shown in Figure 5.5. 

Screening ESL HQs for individual samples ranged from < 1 to > 10 , with 95 percent of 
samples (detected and nondetected) exceeding the ESL (Table 5.5). In comparison, only 
26 percent (38 samples) of both detected and nondetected concentrations exceeded the 
AT. Of these, 9 samples had HQs ranging from 1 to 5, and 16 concentrations (all detects) 
had HQs greater than 10.’Because detection limits for cyanide at NW AEU were 
generally higher than the ESL, there is uncertainty regarding the potential for risk from 
this ECOPC. However, the conservative nature of the screening ESL (i-e., based on data 
for free cyanide and derived using an uncertainty factor of 10) and the low magnitude of 
exceedance of the AT suggest that adverse effects from cyanide in surface water at 
NW AEU are unlikely. 

, 

The spatial distribution of cyanide relative to the ESL is shown in Figure 2.31. One 
location within the channel, and three within the ponds exceeded the ESL. The remaining 
12 locations within the channel and pond settings were below detection limits. Three 
locations outside the aquatic habitat areas ( e g ,  puddles), and within the IA overlapping 
portion of the AEU had measured values greater than the ESL. These samples do not 
represent complete exposure pathways to aquatic receptors in the NW AEU. Within the 
N W  stream and associated ponds there are no concentrations of elevated cyanide that 
would drive the potential for risk to aquatic populations within the NW AEU. 

0 

ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data could not be 
calculated due to a lack of available data (Table 5.2). This lack of data precludes an 
analysis of the current conditions at NW AEU. 

The potential risk attributable to cyanide is low given the minimal frequency of detection, 
low magnitude of AT exceedances (but including nondetect exceedances), and the 
minimal spatial extent within aquatic habitat areas that are affected by elevated 
concentrations. Additionally, free cyanide is not predicted to persist in aquatic 
environments under normal conditions. These results indicate there is low but uncertain 
potential for adverse effects to aquatic life attributable to this ECOPC. 

Lithium (Total) 

The MDC for lithium in NW AEU surface water (2.97 mg/L) exceeded the screening 
FSL (0.096 ma). A total of 56 detected samples from NW surface water exceeded the 
screening ESL for lithium. These samples were collected between July 1991 and June 
2004. Screening ESL-HQs for UCL and UTL EPCs from the comprehensive surface 
water data set were both about l(Tab1e 5.1). 
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The screening ESL for lithium was derived from MIDEQ (2003). The only other 
screening benchmark presented in MacDonald et al. (1999) was 0.067 mg/L for the 
Quebec chronic surface water criterion (MDEQ 1996).This value is comparable to the 
MIDEQ value selected as the screening ESL. An acute surface water benchmark value of 
1.7 m g L  was considered the AT value (MIDEQ 2003). AT HQs for UCL and UTL EPCs 
were both < 1, and the MDC HQ was 2 (Table 5.1). These HQ values indicate a low risk 
potential attributable to lithium. 

Lithium was detected in 93 percent of the samples. The concentration distribution is 
provided in Figure 5.6. All of the detected values occur below the AT with one exception. 
The average concentration occurs below the ESL and the AT value. The UTL falls 
bellow the AT value. The magnitude and frequency of HQ values for the data set based 
on the Refined ESL are presented in Table 5.5. The low frequency of exceedances by 
detected concentrations (10 percent) suggests that potential adverse effects may not be 
widely distributed. Also, more than 80 percent of the samples that exceeded the screening 
ESL had HQs < 5. Thus, the magnitudes of exceedances were generally low. The low 
frequency of exceedance suggests that lithium (total) concentrations pose low risk to 
aquatic populations within the NW AEU. 

The spatial distribution of concentrations of lithium relative to the CRA Methodology 
ESL is shown in Figure 2.32. Two locations within the channel and two locations within 
Pond A-1 had measured values greater than the ESL. The remaining sample results from 
45 locations within the aquatic habitat areas were less than the ESL or at nondetect levels. 
Therefore, the three locations with measured values greater than the ESL represent 
approximately 6 percent of the data within the true aquatic habitat areas. There were 
several locations outside the aquatic habitat areas, and within the IA overlapping portion 
of the AEU had measured values greater than the ESL. These samples do not represent 
complete exposure pathways to aquatic receptors in the NW AEU. Therefore, there are 
no concentrations of elevated lithium within the NW stream and associated ponds that 
would drive the potential for risk to aquatic populations within the NW AEU. 

ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set were both 
less than 1, and the ESL HQ for the MDC EPC was less than 5 (Table 5.2). AT-HQs for 
MDC, UCL, and UTL EPCs were all less than 1. These HQs are lower than those for the 
entire distribution data set, and suggest that current concentrations of lithium do not pose 
a risk to aquatic populations. 

Despite several detectedexceedances of the ESL, a potential for risk to water column 
organisms in NW AEU from lithium is low due to the low frequency of exceedances 
(< 20 percent) and minimal Occurrence of exceedances within aquatic habitat areas. 
Additionally, the UCL and UTL EPCs for the post-1999 data set do not exceed the 
screening ESL and the MDC ECP has a low magnitude of exceedance of the screening 
ESL (HQ = 4). These results suggest that there is no or low potential for adverse effects 
to aquatic life attributable to this ECOPC. 
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Silver (Dissolved) 

The MDC for silver in NW AEU surface water (0.0324 mg/L) exceeded the screening 
ESL (0.00032 m a ) .  A total of 29 detected samples from NW surface waters exceeded 
the ESL for silver. These samples were collected from July 1991 to May 2004. This low 
frequency of exceedances (6 percent) suggests that potential adverse effects may not be 
widely distributed. However, many exceedances were present in nondetect data 
(Table 5.5). 

b 

0 

The silver ESL is hardness dependant and was calculated after CDPHE (2005a) using an 
estimated hardness of 100. Site specific hardness in NW AEU was determined to be 241 
(Attachment 5); and, a refined ESL based on this site-specific hardness is 0.0015 mg/L. 
The MDC for silver (dissolved) still exceeded this refined ESL, but the refined ESL-HQs 
for UCL and UTL EPCs from the comprehensive surface water data set were < 1 and 2, 
respectively (Table 5.1). An acute surface water benchmark value of 0.0092 mg/L was 
considered the AT value (CDPHE 2005a). AT-HQs from the comprehensive surface 
water data set were <I in both cases. These HQ values indicate a low risk potential 
attributable to silver. 

Silver was detected in only 9 percent of the samples indicating a minimal spatial extent. 
The data concentration distribution is provided in Figure 5.7. All of the detected values 
occurred below the AT with one exception. The average concentration is greater than the 
ESL, but less than the AT value. The UTL is just slightly greater than the ESL and falls 
bellow the AT value. The magnitude and frequency of HQ values for the data set based 
on the Refined ESL are presented in Table 5.5. Of the detected concentrations that 
exceeded the refined ESL, HQs were predominantly less than 5, Additionally, these 
exceedances of detected samples represent only 4 percent of the data set (46 of 529); 
therefore, this indicates that silver (dissolved) concentrations pose low risk to aquatic 
populations within the NW AEU. 

0 

The spatial distribution of concentrations of silver relative to the site-specific ESL is 
shown in Figure 2.33. Five locations within the channel and one location within both 
Ponds A-1 and A-4 have measured values greater than the ESL. The remaining sample 
results within the aquatic habitat areas were at nondetect levels. Therefore, the seven 
locations with measured values greater than the ESL represent approximately 18 percent 
of the data within the true aquatic habitat areas. Two locations outside the aquatic habitat 
areas and within the IA overlapping portion of the AEU had measured values greater than 
the ESL. Because exceedances occurred within the aquatic habitat areas, potential risk 
from silver cannot be excluded based on this LOE. However, the percentage of 
occurrences within the true aquatic habitat areas is approximately 18 percent. The 
remaining 82 percent occur below the ESL or were nondetects. 

Refined ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set 
were both <I (Table 5.2). Although the UTL EPC was lower in the post-1999 data set 
compared to the complete distribution data set, MDC and UCL values were only slightly 
reduced. This suggests that current concentrations of silver within the NW AEU are 
relatively unchanged compared to the historic data. 0 
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Although potential risk to aquatic ‘life in the NW AEU from silver cannot be excluded 
based on spatial distribution of exceedances (i.e., some exceedances occur within habitat 
areas) and concentrations of silver have only slightly decreased over time (i-e., post-1999 
data similar to historic data), the low magnitude of exceedance and the very low 
frequency of exceedance (4 percent) indicate that the potential for risk is low. 
Additionally, the UCL EPC is lower than both the refined ESL and AT values and the 
UTL EPC is lower than the AT value and minimally exceeded the refined ESL (HQ = 2). 
These results indicate there is no or low (but uncertain) potential for adverse effects to 
aquatic life attributable to this ECOPC. 

Vanadium (Total) 

The MDC for vanadium in NW AEU surface water (0.892 m a )  exceeded the screening 
ESL (0.012 mgL). A total of 214 detected samples from NW surface water exceeded the 
screening ESL for vanadium. These samples were collected between July 1991 and 
February 2005. The moderate frequency of exceedances by detected concentrations 
(34 percent) suggests that potential adverse effects cannot be excluded. However, ESL- 
HQs for UCL and UTL EPCs from the comprehensive surface water data set were only 
3 and 6, respectively (Table 5.1). 

The screening ESL for vanadium was derived from MIDEQ (2003). Alternative 
screening benchmarks presented in MacDonald et al. (1999) range from 0.007 m g L  for 
the Ontario provincial water quality guideline (OMOE 1994) to 0.190 m a  for the New 
York State acute water quality guidance value (NYDEC 1998). The AT value represents 
the MlDEQ (2003) final acute value for vanadium is 0.220 mg/L. AT-HQs from the 
comprehensive surface water data set were <1 in both cases. These HQ values indicate a 
low risk potential attributable to vanadium. 

Vanadium was detected in 70 percent of the samples. The concentration distribution is 
provided in Figure 5.8. A11 of the measured values occur below the AT with one 
exception. The average concentration is greater than the ESL, but less than the AT value. 
The UTL is greater than the ESL and falls bellow the AT value. The magnitude and 
frequency of HQ values for the data set based on the Refined ESL are presented in 
Table 5.5. As shown, the detected results fell within the HQ range of 1 to >lo. This 
indicates that vanadium (total) concentrations occur within the range of uncertainty 
where there is the potential for adverse effects. Although the frequency of exceedance of 
detected samples is moderate (34 percent), over 60 percent of the detected exceedances 
have HQ values less than 5 and 100 percent have HQ values less than 10. This represents 
a low magnitude of frequency, suggesting low potential for risk. Additionally, only 3 
detected concentrations exceeded the AT value, indicating a low potential for risk. 

The spatial distribution of concentrations of vanadium relative to the CRA Methodology 
ESL is shown in Figure 2.34. Ten locations within the channel have measured values 
greater than the ESL. There were no measured values greater than the ESL within the 
ponds. The remaining sample results within the aquatic habitat areas inclusive of all of 
the ponds were less than the ESL or at nondetect levels. Therefore, the ten locations with 
measured values greater than the ESL represent approximately 18 percent of the data 
within the true aquatic habitat areas. Several locations (14) outside the aquatic habitat 
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I 
areas and within the IA overlapping portion of the AEU had measured values greater than 
the ESL. Because exceedances occurred within the aquatic habitat areas, potential risk 
from vanadium cannot be excluded based on this LOE. However, the percentage of 
occurrences within the true aquatic habitat areas is approximately 18 percent. The 
remaining 82 percent occur below the ESL or were nondetects. 

' 0  

Refined ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set 
were 4 and 7, respectively (Table 5.2). The MDC of the post-1999 data set was about one 
third the MDC for the complete distribution data set, while the UCL and UTL EPCs were 
slightly greater. This suggests that concentrations of vanadium within the NW AEU may 
be declining over time. 

Evaluation of the spatial distribution of exceedances indicates that some exceedances 
occur within habitat areas; therefore, potential risk cannot be excluded based on this 
LOE. However, the magnitude of exceedances is low (predominantly HQs < 5), the UCL 
and UTL had low exceedance of the refined ESL (HQs 5 7) and did not exceed the AT 
value, and high concentrations of vanadium have decreased over time (i-e., post-1999 
MDC is one half the historic MDC). These results indicate there is low potential for 
adverse effects to aquatic life attributable to this ECOPC. 

Aroclor- 1254 

The MDC for Aroclor-1254 in NW AEU surface water (3.3 p a )  exceeded the screening 
ESL (0.014 pg/L). All 6 detected samples (6 detected of 119 samples) from NW surface 
water exceeded the screening ESL for Aroclor-1254. These samples were collected 
between October 1991 and May 2002. The low frequency of exceedances by detected 
concentrations (19 percent) suggests that potential adverse effects may not be widely 
distributed. Screening ESL-HQs for UCL and UTL EPCs from the comprehensive 
surface water data set were 52 and 71, respectively (Table 5.1). 

a 

The screening ESL for Aroclor-1254 was derived from CDPHE (2005a). Alternate 
toxicity values for PCBs presented in MacDonald et al. (1999) range from 0.0000079 
pg/L for the Missouri surface water criterion (EPA 1998) to 2.0 p a  for the NAWQC 
acute criterion (EPA 1993). The NAWQC acute criterion was selected as the AT value. 
AT-HQs for UCL and UTL EPCs from the comprehensive surface water data set were 
both <1. Therefore, ESL-HQ values indicate a risk potential attributable to Aroclor-1254, 
but this risk is not indicated when the AT value is considered. 

- 

'\ 

Aroclor-1254 was detected in just 5 percent of the samples. The concentration 
distribution is provided in Figure 5.9. All of the detected values occur below the AT 
(MacDonald, et al. 1999) with one exception. The average concentration is greater than 
the ESL, but less than the AT value. The UTL is greater than the ESL and falls bellow the 
AT value. The magnitude and frequency of HQ values for the data set based on the 
Refined'ESL are presented in Table 5.5. The' detected results all exceeded the screening 
ESL and all had HQs of 10 or greater. Additionally, all nondetected concentrations 
exceeded the screening ESL with HQs of 10 or greater. Because the detection limit 
exceeded the screening ESL, interpretation of the HQ data is uncertain. Comparison to 
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the AT.suggests a low risk potential as all, but one of the detected concentrations are 
below the AT value and the magnitude of the one exceedance is low (HQ = 2). 

The spatial distribution of concentrations of Aroclor-1254 relative to the CRA 
Methodology ESL is shown in Figure 2.35. Sample results within the aquatic habitat 
areas inclusive of all of the ponds were at nondetected levels. Four locations outside the 
aquatic habitat areas and within the IA overlapping portion of the AEU had measured 
values greater than the ESL. Although potential risk related to the nondetected values is 
uncertain, the distribution data suggest that Aroclor-1254 is not a risk concern to aquatic 
populations within the NW AEU because no detected concentrations were observed 
within the aquatic habitat areas. 

ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set were 28 and 
50, respectively (Table 5.2). The MDC of the post-1999 data set was less than one- 
quarter the MDC for the complete distribution data set, while the UCL and UTL EPCs 
were reduced to a lesser degree. These data suggest that current Aroclor-1254 
concentrations within the NW AEU are lower than historic values. 

The detection limit for Aroclor-1254 exceeded the screening ESL in all cases; therefore 
understanding potential risk from this LOE is problematic. It should also be noted that the 
inability to achieve a sufficient detection limit for PCBs in surface water is not 
considered a deficiency in the data as it is often impossible to achieve the screening ESL 
for PCBs due to interference. Therefore, other chemical LOEs must be considered with 
greater weight. First, the frequency of detection of Aroclor-1254 is quite low (5 percent) 
which suggests limited spatial distribution of elevated levels. Moreover, only one 
detected sample exceeded the AT, and the magnitude of this exceedance (HQ = 2) was 
low. Finally, the detected samples were not within aquatic habitat areas. These results 
indicate that Aroclor-1254 presents low risk to the aquatic life within NW AEU. 
Radium-228 

The MDC for radium-228 in NW AEU surface water (28 pCi/L) exceeded the screening 
ESL (0.849 pCi/L). All three samples (3 of 3 detected) from NW surface water exceeded 
the screening ESL for radium-228. The high frequency of exceedances by detected 
concentrations (100 percent) suggests that potential adverse effects cannot be excluded. 
These few samples, collected between October 1991 and May 1993, were inadequate for 
calculating a UTL95 lower than the MDC; therefore the MDC was retained as the 
surrogate UTL. Screening ESL-HQs for the UCL and UTL EPCs were 3 1 and 33, 
respectively (Table 5.1). 

The screening ESL for radium-228 was derived from DOE (2002) using a Level 1 biota 
concentration guideline (BCG) for riparian animals from ResRadBiota. DOE (2002) 
presents a surface water organism specific BCG (Level 3) of 8.49 pCi/L 
(ResRadBiota vl.1 beta). All three samples also exceed this AT value, but the HQs are 
low (<5). 

Radium-228 was detected in 100 percent of the samples. The concentration distribution is 
provided in Figure 5.10. All measured values fall above the ESL. The frequency and 
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magnitude of exceedance of the screening ESL are high (i.e-, 100 percent frequency and 
HQs greater than 10 [ranging from 1 1  to 331 for individual samples) (Table 5.5). This 
indicates that radium-228 concentrations occur within the concentration range with the 
potential for adverse effects. However, the potential for adverse effects may be low 
because the magnitude of exceedance of the AT value was low (all HQs c 5).These 
trends are shown in the data concentration distribution (Figure 5.10). 

0 

The spatial distribution of concentrations of radium-228 relative to the CRA 
Methodology ESL is shown in Figure 2.36. Two of the three sample locations were 
outside the stream channel and represent non-habitat areas (e.g., off channel puddles) 
where exposure pathways for aquatic receptors are incomplete. These non-habitat areas 
were within the IA overlapping portion of the AEU. Therefore, the spatial extent of 
radium-228 is unknown within the NW AEU, due to few samples representing varying 
habitats. 

No data were available from the post-1999 surface water data set to calculate more recent 
HQs (Table 5.2). This lack of data precludes an analysis of the current conditions at. 
Nw AEU. 

In summary, the high frequency of exceedances by detected concentrations (100 percent) 
of radium-228 suggests that potential adverse effects cannot be excluded in NW AEU; 
however, potential risk is mitigated by the low magnitude of AT exceedances (HQs c 5). 
It should be noted that the spatial extent of radium-228 within stream habitat of NW AEU 
is uncertain due to the limited number of samples for this ECOPC. The conclusion based 
on the available chemical LOEs is that potential risk from radium-228 is low. 

Sediment ECOPCs 
A 1 u mi n u m 

The MDC for aluminum in NW AEU sediments (49,000 mg/kg) exceeded the screening 
ESL (15,900 mg/kg) (Table 5.3). A total of 28 of 11 1 samples from NW sediments 
exceeded the screening ESL for aluminum. All samples were detected. These samples 
were collected between July, 1991 and August, 2005. The relatively low frequency of 
exceedances (25 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were c1 for 
both (Table 5.3). The AT for aluminum is the ERM value of 58,000 of Ingersoll et al. 
(1996), representative of a median effect level for benthic invertebrates (Attachment 5). 
AT HQs for UCL and UTL EPCs were c 1 and the AT HQ for the MDC was c 1. 

Aluminum was detected in all samples. The concentration distribution is provided in 
Figure 5.1 1. As depicted in this figure, the average falls below the ESL value, as do the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 28 of 11 1 
(25 percent) (Table 5.5). Additionally, HQs for all 28 samples that exceeded the refined 
ESL were between 1 and 5. Given the low frequency and magnitude of exceedance there 

. is a low potential for risk from sediment aluminum to aquatic populations within the 
NW mu. 
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The spatial distribution of aluminum concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.44. There were several locations within ponds A-1, A-2, A-3, 
and A-4 that were greater than the ESL. There were three locations within the channel 
greater than the ESL. The results identify a concentration of aluminum within habitat 
areas that requires further evaluation. The results presented within this Figure represent 
the findings from all sediment analysis (all depth fractions). Further analysis of the spatial 
extent within surface sediment for the ponds within the A-series (Figure A8.1) indicated 
aluminum was detected at concentrations greater than the ESL at locations within the 
ponds. This indicates the need for further analysis of surface sediment conditions within 
the ponds which is provided below and within Attachment 8. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of aluminum in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicates that 
the MDC (27,400 mgkg) is greater than the ESL but less than the AT. 

The adjacent surface soil results (Attachment 6) included 119 samples for aluminum, all 
detected, with an MDC of 28,000 mg/kg. The MDC exceeded the ESL but not the AT. . 

Aluminum was identified as a surface water ECOPC. Results of the risk characterization 
suggest that risk to water column organisms from exposure to aluminum is low. 

Aluminum was identified as an ECOPC for the pond-specific evaluations of Ponds A-1 , 
A-2, A-3 and A-4. Results of the risk characterization by pond indicate the following; 

For Pond A-1, the surface sediment HQ for the ESL is 2, which is within the HQ range 
where adverse effects are uncertain. The surface sediment HQ for the AT is 4. 

Review of the data on a point by point basis indicated that each measured aluminum 
result was less than the AT value. Within Pond A-1, five of the eight locations had 
measured values greater than the ESL, the remaining were less than the ESL. Because the 
measured concentrations all fall below these AT values, the likelihood for risk 
attributable to aluminum within Pond A-1 would be low. 

For Pond A-2, the surface sediment HQ for the ESL is 2, which is within the HQ range 
where adverse effects are uncertain. The surface sediment HQ for the AT was <1. Review 
of the data on a point by point basis indicated that each measured aluminum result was 
less than the AT value. Within Pond A-2, three of the seven locations had measured 
values greater than the ESL, the remaining were less than the ESL. Because the measured 
concentrations fall below the AT value, the likelihood for risk attributable to aluminum 
within Pond A-1 is low. 

For Pond A-3, the surface sediment HQ for the ESL is 2, which is within the HQ range of 
uncertainty where adverse effects are unknown. The surface sediment HQ for the AT is 
<1. Review of the data on a point by point basis indicated that each measured aluminum 
result was less than the AT value. Within Pond A-3, seven of the eight locations had 
measured values greater than the ESL, the remaining were less than the ESL. Because the 
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measured concentrations fall below the AT values, the likelihood for risk attributable to 
aluminum would be low. 

For Pond A-4, the surface sediment HQ for the ESL is 2, which is within the HQ range of 
uncertainty where adverse effects are unknown. The surface sediment HQ for the AT is 
<1. Review of the data on a point by point basis indicated that each measured aluminum 
result was less than the AT value. Within Pond A-4, six of the nine locations had 
measured values greater than the ESL, the remaining were less than the ESL. Because the 
measured concentrations fall below these AT values, the likelihood for risk attributable to 
aluminum is low. 

Results for the available chemical LOEs for aluminum indicates that UCL and UTL 
EPCs do not exceed the ESL, there is a very low frequency and magnitude of 
exceedances (i-e., only 25 percent of samples exceeded the refined ESL and the all HQs 
were < 5). Aluminum had minimal occurrence of exceedances within aquatic habitat 
areas. Additionally, the MDC, UCL, and UTL EPCs for the surface sediment data set do 
not exceed the AT. Aluminum is an almost universally-present constituent of background 
soils. Therefore, the weight-of evidence conclusion is that there is no or low potential for 
adverse effects to aquatic life attributable to this ECOPC. 

Antimony 

The MDC for antimony in NW AEU sediments (41.4 mg/kg) exceeded the screening 
ESL (2 m e g )  (Table 5.3). A total of 8 samples (15 detected of 98 samples) from NW 
sediments exceeded the screening ESL for antimony. These samples were collected 
between July 1991 and August, 2005. The low frequency of exceedances by detected 
concentrations (8 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were >1 in 
both cases (Table 5.3). The AT for antimony is the 3.2 mg/kg, a screening-level criterion 
(NYSDEC 1994) (Attachment 5). AT HQs for UCL and UTL EPCs were 5 and 13 
respecti vel y. 

Antimony was detected in 15 percent of the samples. The concentration distribution is 
provided in Figure 5.12. As depicted in this figure, the UTL and average falls below the 
refined ESL value, as does the majority of the data. Specifically, the frequency of 
exceedance for the ESL was 8 of 98 (8 percent) (Table 5.5). Given the low frequency and 
magnitude of exceedance there is a low potential for risk from antimony to aquatic 
populations within the NW AEU. 

The spatial distribution of antimony concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.45. There were several locations within Ponds A-1 (2 
locations), A-3 (1 location), and A-4 (3 locations) that had concentrations greater than the 
ESL. Two locations within the channel had values greater than the ESL. The eight 
locations with measured values greater than the ESL represent approximately 18 percent 
of the data within the true aquatic habitat areas. The remaining 82 percent occur below 
the ESL or were nondetects. The results identify a concentration of antimony within 
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habitat areas that requires further evaluation. The results presented within this 
Figure represent the findings from all sediment analysis (all depth fractions). Further 
analysis of the spatial extent within surface sediment for the ponds within the A-series 
(Figure A8.2) indicated antimony was below detection limit levels in ponds A-1, A-2 and 
A-3. Within Pond A-4, there was one location with a measured concentration greater than 
the ESL, one location less than the ESL and five locations at nondetect levels. This 
indicates that the spatial extent of antimony is of low risk to aquatic populations within 
the isolated habitat areas. 

. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of antimony in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (41.4 mgkg) is greater than the ESL and the AT (Table 5.4). 

Antimony was not identified as an ECOPC for surface water since it had an MDC less 
than the ESL. 

Antimony was identified as an ECOPC for the pond-specific evaluations of ponds A-3 
and A-4. However, further analysis of Pond A-3 indicated antimony had a frequency of 
detection of 26 percent (detected in 1 of 7 samples collected) indicating a limited spatial 
extent. The surface sediment HQ for the ESL is 13. The surface sediment HQ for the AT 
is 8. 

Because the measured concentration falls below the AT value, the likelihood for risk 
attributable to antimony for Pond A-3 is low. For Pond A-4 antimony had a frequency of 
detection of 25 percent (detected in 4 of 12 samples collected) indicating a limited spatial 
extent. The surface sediment HQ for the ESL is 21. The surface sediment HQ for the AT 
is 13. Review of the data on a point by point basis indicated that there was a single 
measured antimony result that was greater than the ESL, while the remaining six 
locations had either a measured concentration less than the ESL or were at nondetect 
levels. Because the measured concentrations fall below AT values, the likelihood for risk 
attributable to antimony is low. 

Results for the available chemical LOEs for antimony indicates that there is a very low 
frequency and magnitude of exceedances (i.e., only 8 percent of samples exceeded the 
ESL). Antimony had minimal occurrence of exceedances within aquatic habitat areas. 
Therefore, the weight-of evidence conclusion is that there is no or low potential for 
adverse effects to aquatic life attributable to this ECOPC. 

Barium 

The MDC for barium in N W  AEU sediments (390 mgkg) exceeded the screening ESL 
(1 89 mgkg). A total of 22 samples from NW sediments exceeded the screening ESL for 
barium. These samples were collected between July 1991 and March 2004. The relatively 
low frequency of exceedances by detected concentrations (20 percent) suggests that 
potential adverse effects may not be widely distributed. 
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ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <1 in 
both cases (Table 5.3). The AT for barium is 287, an average toxicity value from 
MacDonald et al. (1999) (Attachment 5). AT HQs for UCL and UTL EPCs were c 1 and 
the AT HQ for the MDC was c 1. 

0 

Barium was detected in all of the samples. The concentration distribution is provided in 
Figure 5.13. As depicted in this figure, the average falls below the ESL value, as do the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 22 of 11 1 
(20 percent) (Table 5.5). Additionally, HQs for all 22 samples that exceeded the ESL 
were between 1 and 5. Given the low frequency and magnitude of exceedance there is a 
low potential for risk from barium to aquatic populations within the NW AEU. 

The spatial distribution of barium concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.46. There were several locations within ponds A-1, A-2, A-3, and 
A 4  that were greater than the ESL. There were two locations within the channel greater 
than the ESL. The total number of results with measured values greater than the ESL 
within true aquatic habitat areas represents approximately 28 percent of the data. The 
remaining 72 percent of the results were either below the ESL or nondetect. The results 
identify a concentration of barium within habitat areas that requires further evaluation. 
The results presented within this figure represent the findings from all sediment analysis 
(all depth fractions). Further analysis of the spatial extent within surface sediment for the 
ponds within the A-series (Figure A8.3) indicated barium was below the ESL in ponds A- 
1 and A-3, while only two locations within Pond A-2 and one location within Pond A 4  
had concentrations greater than the ESL. The remaining locations in ponds A-2 and A-4 
were less than the ESL. This indicates that the spatial extent of barium is of low risk to 
aquatic populations within the isolated habitat areas. 

0 
The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of barium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations of barium for all of the NW AEU 
indicate that the MDC (260 mgkg) is greater than the ESL but less than the AT. 

The adjacent surface soil results included 119 samples for barium, all detected, with an 
MDC of 263 mgkg (Attachment 6). The MDC exceeded the ESL but not the AT. 

Barium was not identified as an ECOPC for surface water since it had an EPC (UTL) less 
than the ESL. In addition, this chemical was not identified as an ECOPC for the pond- 
specific evaluations of ponds A-1, A-2, A-3, A 4  and A-5 (Attachment 8) indicating that 
barium does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for barium indicate that UCL and UTL EPCs do 
not exceed the refined ESL, there is a low frequency and magnitude of exceedances (;.e., 
only 20 percent of samples exceeded the ESL and the all HQs were < 5). Barium had 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the MDC, 
UCL, and UTL EPCs for the surface sediment data set do not exceed the AT. Therefore, 0 
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the weight-of evidence conclusion is that there is no or low potential for adverse effects 
to aquatic life attributable to this ECOPC. 

Cadmium 

The MDC for cadmium in NW AEU sediments (8.3 mgkg) exceeded the screening ESL 
(0.99 mg/kg). A total of 18 samples (48 detected of 110 samples) from NW sediments 
exceeded the screening ESL for cadmium. These samples were collected between 
July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (16 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <I for 
the UTL and 1 for the UCL (Table 5.3). The AT for cadmium is a consensus-based, 
probably effects concentration from MacDonald et al. (2000a) (PEC) of 4.98 mgkg 
(Attachment 5). AT HQs for UCL and UTL EPCs were both 
MDC was < 2. 

1 and the AT HQ for the 

Cadmium was detected in 44 percent of the samples. The concentration distribution is 
provided in Figure. 5.15. HQs for all 18 detected samples that exceeded the ESL were 
between 1 and 10. Given the low frequency and magnitude of exceedance there is a low 
potential for risk from cadmium to aquatic populations within the NW AEU. 

The spatial distribution of cadmium concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.47. There were several locations within ponds A-1 (2 
locations), A-2 (2 locations), and Pond A 4  (1 location) that had cadmium concentrations 
greater than the ESL. Three locations within the channel had values greater than the ESL. 
The eight locations with measured values greater than the ESL represent approximately 
15 percent of the locations within the true aquatic habitat areas. The remaining 85 percent 
occur below the ESL or were nondetects. The remaining locations with concentrations 
greater than the ESL occurred outside of true aquatic habitat areas. The results identify a 
concentration of cadmium within habitat areas that requires further evaluation. The 
results presented within this Figure represent the findings from all sediment analysis (all 
depth fractions). Further analysis of the spatial extent within surface sediment for the 
ponds within the A-series (Figure ASS) indicated cadmium was below the ESL in 
Ponds A-2 and A-3, while only one location within Pond A-1 and one location within 
Pond A-4 had concentrations greater than the ESL. The remaining locations were less 
than the ESL or at nondetect levels. This indicates that the spatial extent of cadmium is of 
low risk to aquatic populations within the isolated habitat areas. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of cadmium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (4.4 mg/kg) is greater than the ESL but less than the AT. 

a The adjacent surface soil results included 117 samples for cadmium, 43 detected, with an 
MDC of 10.6 mgkg (Attachment 6). The MDC exceeded both the ESL and the AT. 
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Cadmium (dissolved) was identified as a surface water ECOPC. Results of the risk 
characterization indicate that cadmium (dissolved) was detected in 23 percent of the 
samples. The UTL and average fall below the refined ESL value, as do the majority of 
the data. Specifically, the frequency of exceedance for the refined ESL was 44 of 533 
(2 percent). HQs for all 44 detected samples that exceeded the refined ESL were between 
1 and 5. Given the low frequency and magnitude of exceedance there is a low potential 
for risk from cadmium to aquatic populations within the NW AEU. 

0 

. .. 

Cadmium was identified as an ECOPC for the pond-specific evaluations of Pond A-4. 
However, the surface sediment HQ for the ESL is 3. The surface sediment HQ for the AT 
is 1. Review of the data on a point by point basis indicated that there was a single 
measured cadmium result that was greater than the ESL, while the remaining six 
locations had either measured concentrations less than the ESL or were at nondetect 
levels. Given the limited spatial extent of exceedance the risk attributable to cadmium 
within Pond A-4 is low. 

. 

Results for the available chemical LOEs for cadmium indicates that UTL EPCs do not 
exceed the refined ESL, there is a low frequency and magnitude of exceedances (i.e., 
only 16 percent of samples exceeded the ESL, and the all except one HQs were < 5). 
Cadmium had minimal occurrence of exceedances within aquatic habitat areas. 
Additionally, the MDC, UCL, and UTL EPCs for the surface sediment data set do not 
exceed the AT. Therefore, the weight-of evidence conclusion is that there is no or low 
potential for adverse effects to aquatic life attributable to this ECOPC. 

0 Copper 

The MDC for copper in NW AEU sediments (77.6 mg/kg) exceeded the screening ESL 
(31.6 mg/kg). A total of 7 samples (109 detected of 11 1 samples) from NW sediments 
exceeded the screening ESL for copper. These samples were collected between July 1991 
and March 2004. The low frequency of exceedances by detected concentrations 
(6 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were c1 in 
both cases (Table 5.3). The AT (PEC) for copper (149 m a g )  is a PEC from MacDonald 
et al. (2000a). AT HQs for UCL , UTL, and MDC EPCs were < 1. 

Copper was detected in 98 percent of the samples. The concentration distribution is 
provided in Figure 5.15. As depicted in this figure, the average falls below the ESL value, 
as do the majority of the data. Specifically, the frequency of exceedance for the ESL was 
7 of 11 1 (6 percent) (Table 5.5). Additionally, HQs for all 7 detected samples that 
exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from copper to aquatic populations within the 
Nw mu. 

The spatial distribution of copper concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.48. There were several locations within ponds A-1 (3 locations), A-2 
(2 locations), and Pond A 4  (1 location) that had copper concentrations greater than the 
ESL. The remaining locations with concentrations greater than the ESL occurred outside 0 
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of true aquatic habitat areas. The seven locations with measured values greater than the 
ESL represent approximately 10 percent of the data within the true aquatic habitat areas. 
The remaining 90 percent occur below the ESL or were nondetects. The results identify a 
concentration of copper within habitat areas that requires further evaluation. The results 
presented within this Figure represent the findings from all sediment analysis (all depth 
fractions). Further analysis of the spatial extent within surface sediment for the ponds 
within the A-series (Figure A8.7) indicated copper was below the ESL in ponds A-1, A-2 
and A-3, while only one location within Pond A-4 had a concentration greater than the 
ESL. The remaining locations were less than the ESL. This indicates that the spatial 
extent of copper is of low risk to aquatic populations within the isolated habitat areas. 
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The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of copper in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the N W  AEU indicates that 
the MDC (77.6 mgkg) is greater than the ESL but less than the AT, and the arithmetic 
average (1 8.7 mgkg) is less than the ESL and AT (Attachment 6). 

The adjacent surface soil results included 119 samples for copper, 117 detected, with an 
MDC of 1,340 mgkg (Attachment 6). The MDC exceeded both the ESL and the AT. 

Copper (dissolved) was detected in surface water in 100 of 233 samples, and was 
eliminated from the surface water ECOPC process due being statistically similar to 
background levels. In addition, this chemical was not identified as an ECOPC for the 
pond-specific evaluations of ponds A-1, A-2, A-3, A 4  and A-5 (Attachment 8) 
indicating that copper does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for copper indicates that UCL and UTL EPCs do 
not exceed the ESL, there is a very low frequency and magnitude of exceedances (i.e., 
only 6 percent of 'samples exceeded the ESL and the all HQs were < 5). Copper had 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the MDC, 
UCL, and UTL EPCs for the surface sediment data set do not exceed the AT. Therefore, 
the weight-of evidence conclusion is that there is no or low potential for adverse effects 
to aquatic life attributable to this ECOPC. 

Fluoride 

The MDC for fluoride in NW AEU sediments (16.72 mg/kg) exceeded the screening ESL 
(0.01 m a g ) .  All detected samples (12 detected of 21 samples) from NW sediments 
exceeded the screening ESL. These samples were collected between July 1991 and 
March 2004. The high frequency of exceedances by detected (and all nondetected) 
concentrations suggests that potential adverse effects can not be excluded. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were >1 in 
both cases (Table 5.3). The AT for fluoride (7 mgkg) is a Toxic Effect Threshold (TET) 
at 1 percent OC (Bolton et al., 1985) (Attachment 5). AT HQ for the UCL EPC was < 1 
and the AT HQ for the MDC was < 2. 
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Fluoride was detected in 57 percent of the samples. The concentration distribution is , 

provided in Figure 5.16. As depicted in this figure, all data are above the ESL. The 
frequency of exceedance for the ESL was 57 percent (Table 5.5). Additionally, HQs for 
all detected samples that exceeded the ESL were > 10. Given the high frequency and 
magnitude of exceedance there is a potential for risk from fluoride to aquatic populations 
within the N W  AEU. 

0 

The spatial distribution of fluoride concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.49. The results indicate a spatial distribution of fluoride throughout 
the IA overlapping portion of the NW AEU that has measured concentrations at both the 
nondetect, and greater than the ESL levels. There were four locations within channel with 
measured levels greater than the ESL. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of fluoride in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (16.72 mgkg) is greater than the ESL and the AT, but the arithmetic average 
(3.3 mgkg) is less than the AT (Attachment 6). 

The adjacent surface soil results did not yield samples for fluoride (Attachment 6). 

Fluoride was detected in surface water in 160 of 194 samples, and was eliminated from 
the surface water ECOPC process due to having an EPC (UTL) less than the ESL. In 
addition, this chemical was not identified as an ECOPC for the pond-specific evaluations 
of ponds A-1, A-2, A-3, A 4  and A-5 (Attachment 8) indicating that fluoride does not 
pose a risk concern to isolated habitat areas. 

0 

Results for the available chemical LOEs for fluoride indicates that UCL and UTL EPCs 
exceed the ESL and AT and the all ESL HQs were > 10. Fluoride had minimal 
occurrence of exceedances within aquatic habitat areas.,Therefore, the weight-of 
evidence conclusion, based on ambient chemistry alone, is that there is low to uncertain 
potential for adverse effects to aquatic life attributable to this ECOPC. 

- Iron 

The MDC for iron in NW AEU sediments (55,000 m a g )  exceeded the screening ESL 
(20,000 m a g ) .  A total of 28 samples (all detected of 11 1 samples) from NW sediments 
exceeded the screening ESL for iron. These samples were collected between July 1991 
and March 2004. The relatively low frequency of exceedances by detected concentrations 
(25 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQs for the UCL EPC from the comprehensive sediment data set was 1 for the 
UTL, and <1 for the UCL(Tab1e 5.3). The AT for iron (280,000 m a g )  is an effects 
range moderate (EM) from Ingersoll et al. (1996) (Attachment 5). AT HQs for UCL and 
UTL EPCs and MDC were all < 1. 
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Iron was detected in all of the samples. The concentration distribution is provided in 
Figure 5.17. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 28 of 11 1 
(25 percent) (Table 5.5). Additionally, HQs for all 28 detected samples that exceeded the 
ESL were between 1 and 5. Given the relatively low frequency and magnitude of 
exceedance there is a low potential for risk from iron to aquatic populations within the 
Nw AEU. 

The spatial distribution of iron concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.50. There were several locations within ponds A-1 (6 locations), A-2 
(3 locations), A-3 (7 locations), and A-4 (3 locations) that iron concentrations greater 
than the ESL. There were five locations within the channel with concentrations greater 
than the ESL. The locations with measured values greater than the ESL re'present 
approximately 45 percent of the data within the true aquatic habitat areas. The remaining 
55 percent occurs below the ESL. The remaining locations with concentrations greater 
than the ESL (2 locations) occurred outside of true aquatic habitat areas. The results 
identify a concentration of iron within habitat areas that requires further evaluation. The 
results presented within this Figure represent the findings from all sediment analysis (all 
depth fractions). Further analysis of the spatial extent within surface sediment for the 
ponds within the A-series (Figure A8.8) indicated iron had three locations within Pond A- 
1, two within ponds A-2 and A-4, and one location within Pond A-3 with concentrations 
greater than the ESL. This indicates the need for further analysis of iron risk conditions 
within surface sediment of pond areas. This information is provided below and described 
within Attachment 8. 

The~surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of iron in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the N W  AEU indicate that the 
MDC (37,100 mg/kg) is greater than the ESL but less than the AT, and the arithmetic 
average is less than the ESL and AT . 

The adjacent surface soil results included 119 samples for iron, all detected, with an 
MDC of 130,000 mgkg. The MDC exceeded the ESL but not the AT. Average soil iron 
values were lower than ESL and AT levels (Attachment 6). 

Iron was detected in surface water in 166 of 239 samples, and was eliminated from the 
surface water ECOPC process due being statistically similar to background levels. 

Iron was not identified as an ECOPC for the pond-specific risk evaluations of Ponds A-1, 
A-2, A-3, A-4, and A-5 (Attachment 8) since surface sediment HQs were equal to 1. In 
addition, measured values were typically found within the range of background. This 
indicates that iron does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for iron indicates that UCL EPC does not exceed 
the ESL, there is a very low frequency and magnitude of exceedances (Le., only 
25 percent of samples exceeded the ESL and the all HQs were < 5), iron had spatial 
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exceedances within aquatic habitat areas, however further analysis indicated the risk 
potential to be low. Additionally, the MDC, UCL, and UTL EPCs for the surface 
sediment data set do not exceed the AT. Iron is an almost universally-present constituent 
of background soils. The weight-of evidence conclusion is that there is no or low 
potential for adverse effects to aquatic life attributable to this ECOPC. 

0 

The MDC for lead in NW AEU sediments (234 mgkg) exceeded the screening ESL 
(35.8 mgkg). A total of 12 samples (all detected of 11 1 samples) from N W  sediments 
exceeded the screening ESL for lead. These samples were collected between July 1991 
and March 2004. The low frequency of exceedances by detected concentrations 
(1 1 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQ for UCL EPC from the comprehensive sediment data set was < 1 and UTL only 
slightly over 1 (Table 5.3). The AT for lead is a PEC value of 128 mgkg (MacDonald et 
al. 2000a) (Attachment 5). AT HQs for UCL and UTL EPCs were < 1 and the AT HQ for 
the MDC was 2. 

Lead was detected in all of the samples. The concentration distribution is provided in 
Figure 5.18. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 12 of 11 1 
(1 1 percent )(Table 5.5). Additionally, HQs for 12 detected samples that exceeded the 
ESL were between 1 and 10 . Given the low frequency and magnitude of exceedance 
there is a low potential for risk from lead to aquatic populations within the N W  AEU. 

The spatial distribution of lead concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.51. There were several locations within Pond A-1 (2 locations), and 
one location within Pond A-2 and Pond A 4  that had lead concentrations greater than the 
ESL. Two locations within the channel had concentrations greater than the ESL. The 
remaining locations with concentrations greater than the ESL occurred outside of true 
aquatic habitat areas. The locations with measured values greater than the ESL represent 
approximately 11 percent of the data within the true aquatic habitat areas. The remaining 
89 percent occurs below the ESL. The results identify a concentration of lead within 
habitat areas that requires further evaluation. The results presented within this 
Figure represent the findings from all sediment analysis (all depth fractions). Further 
analysis of the spatial extent within surface sediment for the ponds within the A-series 
(Figure A8.9) indicated lead was below the ESL in ponds A-1, A-2 and A-3, while only 
one location within Pond A 4  had a concentration greater than the ESL. The remaining 
locations were less than the ESL. This indicates that the spatial extent of lead is of low 
risk to aquatic populations within the isolated habitat areas. 

0 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of lead in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (234 mgkg) is greater than the ESL and AT, but the arithmetic average is less than 
both the ESL and AT. 0 
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The adjacent surface soil results included 119 samples for lead, all detected, with an 
MDC of 283 mgkg (Attachment 6). The MDC exceeded both the ESL and AT. 

Lead was detected in surface water in 77 of 245 samples, and was eliminated from the 
surface water ECOPC process due being statistically similar to background levels. In 
addition, lead was not identified as an ECOPC for the pond-specific risk evaluations of 
ponds A-1, A-2, A-3, A-4 and A-5 (Attachment 8) since surface sediment HQs were 
equal to 1.  

Results for the available chemical LOEs for lead indicates that the UCL EPC does not 
exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 1 1  percent of samples exceeded the ESL and almost all HQs were e 5). Lead had 
minimal occurrence of exceedances within aquatic habitat areas. However, the MDC, 
UCL, and UTL EPCs for the surface sediment data set all exceed the ESL. Therefore, the 
weight-of evidence conclusion is that there i s  a low and uncertain potentia1 for adverse 
effects to aquatic life attributable to this ECOPC. 

Manganese 

The MDC for manganese in NW AEU sediments (1,760 mg/kg) exceeded the screening 
ESL (630 mgkg). A total of 10 samples (all detected of 11 1 samples) from NW 
sediments exceeded the screening ESL for manganese. These samples were collected 
between July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (9 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for the UCL EPC from the comprehensive sediment data set was < 1, but was 
slightly greater than 1 for the UTL (Table 5.3). The AT for manganese (1,700 mg/kg) is a 
PEC benchmark (MacDonald et al. 2000a). AT HQs for UCL and UTL EPCs were < 1 
and the AT HQ for the MDC was < 2. 

Manganese was detected in all of the samples. The concentration distribution is provided 
in Figure 5.19. As depicted in this figure, the average falls below the ESL value, as does 
the majority of the data. Specifically, the frequency of exceedance for the ESL was 10 of 
11 1 (9 percent) (Table 5.5). Additionally, HQs for all 10 detected samples that exceeded 
the ESL were between 1 and 5. Given the low frequency and magnitude ofexceedance 
there is a low potential for risk from manganese to aquatic populations within the 
NW m u .  

The spatial distribution of manganese concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.52. There were two locations within Pond A-2 and one location 
within Pond A-1 and Pond A-4 that had manganese concentrations greater than the ESL. 
There were five locations within the channel area with concentrations greater than the 
ESL. The remaining locations all had measured levels less than the ESL. The locations 
with measured values greater than the ESL represent approximately 15 percent of the 
data within the true aquatic habitat areas. The remaining 85 percent occurs below the 
ESL. The results identify a concentration of manganese within habitat areas that requires 
further evaluation. The results presented within this Figure represent the findings from all 
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sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for the ponds within the A-series (Figure A8.10) indicated manganese 
was below the ESL in ponds A-1, A-3 and A-4, while only two locations within Pond A- 
2 had concentrations greater than the ESL. The remaining locations were less than the 
ESL. This indicates that the spatial extent of manganese is of low risk to aquatic 
populations within the isolated habitat areas. 

m 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of manganese in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicates that 
the MDC (1,760 mg/kg) is greater than the ESL but almost exactly the same as the AT, 
and the arithmetic average is less than both the ESL and AT. 

The adjacent surface soil results included 119 samples for lead, all detected, with an 
MDC of 283 mg/kg. The MDC exceeded both the ESL and AT. However, average soil 
lead values were lower than ESL and AT levels (Attachment 6). 

Manganese was detected in surface water in 21 1 of 250 samples, and was eliminated 
from the surface water ECOPC process due to having an UTL less than the ESL. 

Manganese was identified as an ECOPC for the pond-specific evaluation of Pond A-2. 
However, further analysis of Pond A-2 surface sediment found manganese to have a 
surface sediment HQ for the ESL of 2, while the HQ for the AT is 1. In addition, the 
MDC for manganese was within the range of background conditions. The combined lines 
of evidence indicate that the risk attributable to manganese is low and within the range of 
background. 

0 

Results for the available chemical LOEs for manganese indicates that the UCL EPC does 
not exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 9 percent of samples exceeded the ESL and the all HQs were < 5). Manganese had 
minimal occurrence of exceedances within aquatic habitat areas. Therefore, the weight-of 
evidence conclusion is that there is no or low potential for adverse effects to aquatic life 
attributable to this ECOPC. 

Mercury 

The MDC for mercury in N W  AEU sediments (0.47 mg/kg) exceeded the screening ESL 
(0.18 mgkg). A total of 8 samples (43 detected of 102 samples) from NW sediments 
exceeded the screening ESL for mercury. These samples were collected between July 
1991 and March 2004. The low frequency of exceedances by detected concentrations 
(8 percent) suggests that potential adverse effects may not be widely distributed. 

The ESL-HQ for the UCL EPC from the comprehensive sediment data set was c 1 while 
the UTL HQ was only 1.2 (Table 5.3). The AT for mercury is a PEC of 1.06 m a g  
(MacDonald et al. 2000a)(Attachment 5). AT HQs for the UCL and UTL EPCs and MDC 
were e 1. 

59 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Mercury was detected in 42 percent of the samples. The concentration distribution is 
provided in Figure 5.20. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 8 of 102 (8 percent) (Table 5.5). Additionally, HQs for all 8 detected samples that 
exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from mercury to aquatic populations within 
the NW AEU. 
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The spatial distribution of mercury concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.53. There were six locations within Pond A-1 and one location 
within the channel that had mercury concentrations greater than the ESL. The remaining 
locations all had measured levels less than the ESL or at nondetect levels. The locations 
with measured values greater than the ESL represent approximately 13 percent of the 
data within the true aquatic habitat areas. The remaining 87 percent occur below the ESL 
or were nondetects. The results identify a concentration of mercury within habitat areas 
(Pond A-1) that requires further evaluation. The results presented within this 
Figure represent the findings from all sediment analysis (all depth fractions). Further 
analysis of the spatial extent within surface sediment for the ponds within the A-series 
(Figure A8.11) indicated mercury was below the ESL in Pond A-1 at three locations, and 
above the ESL at one location. This indicates that the spatial extent of mercury is of low 
risk to aquatic populations within the isolated habitat areas. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of mercury in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (0.47 mg/kg) is less than the AT, and the arithmetic average is less than both the 
ESL and AT. 

The adjacent surface soil results included 118 samples for mercury, 76 detected, with an 
MDC of 1.1 mg/kg. The MDC exceeded the ESL but was approximately the same as the 
AT (Attachment 6). 

Mercury was detected in surface water in 25 of 243 samples, and was eliminated from the 
surface water ECOPC process due to having an MDC less than the ESL. In addition, this 
chemical was not identified as an ECOPC for the pond-specific evaluations of ponds A-1, 
A-2, A-3, A-4 and A-5 (Attachment 8) indicating that mercury does not pose a risk 
concern to isolated habitat areas. 

Results for the available chemical LOEs for mercury indicate that the UCL EPC does not 
exceed the ESL, there is a very low frequency and magnitude of exceedances (Le., only 
8 percent of samples exceeded the ESL and the all HQs were < 5), and mercury had 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the MDC, 
UCL, and UTL EPCs for the surface sediment data set do not exceed the AT. Therefore, 
the weight-of evidence conclusion is that there is no.or low potential for adverse effects 
to aquatic life attributable to this ECOPC. 
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Nickel 

The MDC for nickel in NW AEU sediments (34 mgkg) exceeded the screening ESL 
(22.7 mg/kg). A total of 14 detected samples (102 detected of 11 1 samples) from NW 
sediments exceeded the screening ESL for nickel. These samples were collected between 
July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (13 percent) suggests that potential adverse effects may not be widely 
distributed. n 

The ESL-HQs for UCL EPC from the comprehensive sediment data set was c 1 and the 
ESL-HQ for UTL was only 1.1 (Table 5.3). The AT for nickel is a PEC of 48.6 mgkg  
(MacDonald et al., 2000a) (Attachment 5). AT HQs for UCL and UTL EPCs and the 
MDC were c 1.  

Nickel was detected in 92 percent of the samples. The concentration distribution is 
provided in Figure 5.21. As depicted in this figure, the average falls below the refined 
ESL value, as does the majority of the data. Specifically, the frequency of exceedance for 
the ESL was 14 of 11 1 (13 percent) (Table 5.5). Additionally, HQs for all 14 detected 
samples that exceeded the ESL were between 1 and 5. Giventhe low frequency and 
magnitude of exceedance there is a low potential for risk from nickel to aquatic 
populations within the NW AEU. 

The spatial distribution of nickel concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.54. There were several locations within ponds A-1, A-2 (2 locations), 
and A-4 (2 locations), and one location within Pond A-3 that had nickel concentrations 
greater than the ESL. There were three locations within the channel area with 
concentrations greater than the ESL. The remaining locations all had measured levels less 
than the ESL or at nondetect levels. The locations with measured values greater than the 
ESL represent approximately 19 percent of the data within the true aquatic habitat areas. 
The remaining 81 percent occur below the ESL or were nondetects. The results identify a 
concentration of nickel within habitat areas that requires further evaluation. The results 
presented within this Figure represent the findings from all sediment analysis (all depth 
fractions). Further analysis of the spatial extent within surface sediment for the ponds 
within the A-series (Figure A8.12) indicated nickel was below the ESL in ponds A-1, A-2 
and A-3, while only one location within Pond A 4  had a concentration greater than the 
ESL. The remaining locations were less than the ESL or nondetect. This indicates that the 
spatial extent of nickel is of low risk to aquatic populations within the isolated habitat . 

areas. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of nickel in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (31.6 mgkg) is greater than the ESL but less than the AT, and the arithmetic 
average is less than the ESL and AT. 
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The adjacent surface soil results included 119 samples for nickel, 116 detected, with an 
MDC of 64 mgkg. The MDC exceeded the ESL and AT (Attachment 6). 

Nickel was detected in surface water in 66 of 243 samples, and was eliminated from the 
surface water ECOPC process due to having an EPC (UTL) less than the ESL. In 
addition, this chemical was not identified as an ECOPC for the pond-specific evaluations 
of ponds A-1, A-2, A-3, A-4 and A-5 (Attachment 8) indicating that nickel does not pose 
a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for nickel indicates that the UCL EPC does not 
exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 13 percent of samples exceeded the ESL and the all HQs were < 5). Nickel had 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the MDC, 
UCL, and UTL EPCs for the surface sediment data set do not exceed the AT. Therefore, 
the weight-of evidence conclusion is that there is no or low potential for adverse effects 
to aquatic life attributable to this ECOPC. 

Selenium 

The MDC for selenium in NW AEU sediments (2.4 mgkg) exceeded the screening ESL 
(0.95 mgkg). A total of 17 detected samples (29 detected of 110 samples) from NW 
sediments exceeded the screening ESL for selenium. These samples were collected 
between July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (15 percent) suggests that potential adverse effects may not be widely 
distributed. 

The ESL-HQ for the UCL EPC from the comprehensive sediment data set were < 1 and 
the UTL HQ was only 1.9 (Table 5.3). The AT for selenium is a median-effect level SQG 
of 1.73 mgkg (MacDonald et al. 1999) (Attachment 5). AT HQs for UCL and UTL EPCs 
were 1 or < 1 and the AT HQ for the MDC was < 2. 

Selenium was detected in 26 percent of the samples. The concentration distribution is 
provided in Figure 5.22. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 17 of 110 (15 percent) (Table 5.5). Additionally, HQs for all 17 detected samples 
that exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from selenium to aquatic populations within 
the NW AEU.. 

The spatial distribution of selenium concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.55. There were several locations within Ponds A-1 (2 
locations),and A-4 (3 locations), and one location within Pond A-3 that had selenium 
concentrations greater than the ESL. There were four locations within the channel area 
with concentrations greater than the ESL. The remaining locations all had measured 
levels less than the ESL or at nondetect levels. The locations with measured values 
greater than the ESL represent approximately 17 percent of the data within the true 
aquatic habitat areas. The remaining 83 percent occur below the ESL or were nondetects. 
The results identify a concentration of selenium within habitat areas that requires further 
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evaluation. The results presented within this Figure represent the findings from all 
sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for the ponds within the A-series (Figure A8.13) indicated selenium was 
at nondetect levels for ponds A-2 and A-3. Pond A-1 had two locations, and Pond A-4 
had three locations within surface sediment with results greater than the ESL. The 
remaining locations within these ponds were at nondetect levels. The results indicate the 
need for further evaluation of surface sediment related risk conditions attributable to 
selenium (provided below and within Attachment 8). 

a 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of selenium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the N W  AEU indicate that the 
MDC (2.4 mgkg) is greater than the ESL and AT, but the arithmetic average is less than 
the ESL and AT. 

The adjacent surface soil results included 119 samples for selenium, 4 detected, with an 
MDC of 0.75 mgkg. The MDC did not exceed the ESL or AT. In addition, average soil 
selenium values (0.34 mg/kg) were lower than ESL and AT levels (Attachment 6). 

Selenium (total) was identified as a surface water ECOPC. Selenium was detected in 
42 percent of the samples. All of the measured values occur below the AT with few 
exceptions. The UTL is also just slightly greater than the ESL and falls bellow the AT 
value. The low frequency of exceedances by detected concentrations (15 percent) 
suggests that potential adverse effects may not be widely distributed. Also, more than 97 
percent (35 of 36) of the detected samples that exceeded the screening ESL had HQs < 5 
and the HQ for the remaining detected exceedance was less than 5 (Table 5.5). Thus, the 
magnitude of exceedance was generally low. The low frequency and magnitude of 
exceedance, suggests that selenium (total) concentrations pose low risk to aquatic 
populations within the N W  AEU. 

0 

Selenium was identified as an ECOPC for the pond-specific evaluations of Ponds A-1, 
A-3, and A-4. Results of each pond evaluation are as follows: 

For Pond A-1, selenium had a frequency of detection of 27 percent (detected in 3 of 11 
samples) indicating minim'al spatial extent. The surface sediment HQ for the ESL is 2, 
while the HQ for the AT was 1. The MDC for selenium was within the range of 
background conditions. The combined lines of evidence indicate that the risk attributable 
to selenium would be low and within the range of background. 

For Pond A-3, selenium had a frequency of detection of 13 percent (detected in 1 of 8 
samples) indicating a minimal spatial extent of occurrence. The surface sediment HQ for 
the ESL is 2, while the HQ for the AT is 1. Selenium had a low frequency of detection 
indicating a minimal exposure potential exists for aquatic receptors. The combined lines 
of evidence indicate that the risk attributable to selenium is low. 
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a For Pond A-4, selenium had a frequency of detection of 20 percent (detected in 3 of 12 
samples) indicating a minimal spatial extent. The surface sediment HQ for the ESL is 2, 
while the HQ for the AT is 1. The MDC for selenium was within the range of background 
values. The combined lines of evidence indicate that the risk attributable to selenium is 
low and within the range of background. 

Results for the available chemical LOEs for selenium indicates that the UCL EPC does 
not exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 15 percent of samples exceeded the ESL and the all HQs were < 5). Selenium had 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the UCL 
for the sediment data set does not exceed the AT. Therefore, the weight-of evidence 
conclusion is that there is low and uncertain potential for adverse effects to aquatic life 
attributable to this ECOPC. 

Silver 

The MDC for silver in NW AEU sediments (5 mgkg) exceeded the screening ESL 
(1 mgkg). A total of 7 detected samples (16 detected of 106 samples) from NW 
sediments exceeded the screening ESL for silver. These samples were collected between 
July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (7 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESLHQs for UCL and UTL EPCs from the comprehensive sediment data set were < 2 in 
both cases (Table 5.1). The AT for silver is a TNRCC reservoir guideline, distribution- 
based benchmark of 1.6 mgkg (TNRCC 1996 reported in MacDonald et al. 1999) 
(Attachment 5). The AT HQs for UCL and UTL was 1 and the AT HQ for the MDC 
was < 4. 

a 
Silver was detected in 15 percent of the samples. The concentration distribution is 
provided in Figure 5.23. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 7 of 106 (7 percent). Additionally, HQs for all 7 detected samples that exceeded the 
ESL were between 1 and 5. Given the low frequency and magnitude of exceedance there 
is a low potential for risk from silver to aquatic populations within the NW AEU. 

The spatial distribution of silver concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.56. There was one location within Pond A-1 and Pond A-2, and two 
locations within the channel with concentrations greater than the ESL. The remaining 
locations all had measured levels less than the ESL or at nondetect levels. The locations 
with measured values greater than the ESL represent approximately 8 percent of the data 
within the true aquatic habitat areas. The remaining 92 percent occur below the ESL or 
were nondetects. The results identify a concentration of silver within habitat areas that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for the ponds within the A-series (Figure A8.14) indicated silver 
was below the ESL or at nondetect levels for all of the A-series ponds. This spatial extent 
of silver does not indicate a potential for risk to benthic populations within the NW AEU. 
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The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of silver in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (5 mg/kg) is greater than the ESL and AT, and the arithmetic average is less than 
the ESL and AT. This indicates that realistic exposure conditions are within the uncertain 
toxicity range but comparable to the ESL, indicating a low risk to aquatic populations. 

The adjacent surface soil results included 119 samples for silver, 50 detected, with an 
MDC of 21.1 mg/kg. The MDC exceeds the ESL or AT (Attachment '6). 

Silver was identified as an ECOPC for surface water. Results of the risk characterization 
indicated that silver was detected in only 9 percent of the samples indicating a minimal 
spatial extent. All of the detected values occurred below the AT with one exception. The 
UTL is just slightly greater than the ESL and falls bellow the AT value. Of the detected 
concentrations that exceeded the refined ESL, HQs were predominantly less than 5 (more 
than 80 percent), just 3 were between 1 and 5 and 1 was >.lo. Additionally, these 
exceedances of detected samples represent only 4 percent of the data set; therefore, this 
indicates that silver (dissolved) concentrations pose low risk to aquatic populations 
within the NW AEU. 

Silver was not identified as an ECOPC for the pond-specific evaluations of Ponds A-1, 
A-2, A-3, A-4, and A-5 (Attachment 8) indicating that silver does not pose a risk concern 0 to isolated habitat areas. 

Results for the available chemical LOEs for silver indicates that UCL and UTL EPCs 
both exceed the ESL, and there is a very low frequency and magnitude of exceedances 
(i.e., only 7 percent of samples exceeded the ESL and the all HQs were e 5). Silver had 
minimal occurrence of exceedances within aquatic habitat areas. The MDC, UCL, and 
UTL EPCs for the surface sediment data slightly exceed the refined ESL, but not the AT. 
Therefore, the weight-of evidence conclusion is that there is low and uncertain potential 
for adverse effects to aquatic life attributable to this ECOPC. 

The MDC for zinc in NW AEU sediments (704 mgkg) exceeded the screening ESL 
(121 mgkg). A total of 34 samples (all detected of 11 1 samples) from NW sediments 
exceeded the screening ESL for zinc. These samples were collected between July 1991 
and March 2004. The relatively frequency of exceedances by detected concentrations 
(3 1 percent) suggests that adverse effects can not be excluded. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were > 1 in 
both cases (Table 5.3). The AT for zinc is a consensus-based PEC of 459 mgkg 
(MacDonald et al. 2000a) (Attachment 5). AT HQs for UCL and UTL EPCs were < 1 and 
the'AT HQ for the MDC was 2. 

Zinc was detected in all samples. The concentration distribution is provided in 
Figure 5.24. As depicted in this figure, the average falls below the ESL value, as does the 0 
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majority of the data. Specifically, the frequency of exceedance for the ESL was 34 of 11 1 
(3 1 percent) (Table 5.5). Additionally, HQs for all 34 detected samples that exceeded the 
ESL were between 1 and 10. Given the medium frequency and magnitude of exceedance, 
there is a small potential for risk from zinc to aquatic populations within the NW AEU. 

The spatial distribution of zinc concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.57. There were several locations within Ponds A-1 (6 locations), A-2 
(2 locations) and A-3 (7 locations), and one location within Pond A-4 that had zinc 
concentrations greater than the ESL. There were twelve locations within the channel area 
with concentrations greater than the ESL. The remaining locations all had measured 
levels less than the ESL. The locations with measured values greater than the ESL 
represent approximately 62 percent of the data within the true aquatic habitat areas. The 
remaining 38 percent occur below the ESL. The results identify a concentration of zinc 
within habitat areas that requires further evaluation. The results presented within this 
Figure represent the findings from all sediment analysis (all depth fractions). Further 
analysis of the spatial extent within surface sediment for the ponds within the A-series 
(Figure A8.15) indicated zinc was detected at two locations within Pond A-1, and one 
location each within ponds A-3 and A-4 at concentrations greater than the ESL. All , 

measured values from within Pond A-2 were less than the ESL. Results of the spatial 
analysis of zinc in pond surface sediment indicate the need for further analysis which is 
provided below and within Attachment 8. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of zinc in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the NW AEU indicate that the 
MDC (704 mgkg) is greater than the ESL and AT, and the arithmetic average is less than 
the ESL and AT. 

The adjacent surface soil results included 119 samples for zinc, all detected, with an 
MDC of 1,600 mgkg. The MDC exceeds the ESL and AT. However, average soil zinc 
values (122 mgkg) were the same as the ESL and lower than AT levels (Attachment 6). 

Zinc was detected in surface water in 150 of 244 samples, and was eliminated from the 
surface water ECOPC process due being statistically similar to background levels. 

Zinc was identified as an ECOPC for the pond-specific evaluations of Pond A-3 . 
However, further analysis of Pond A-3 surface sediment found the surface sediment HQ 
for the ESL is 4, while the HQ for the AT is 1. All of the measured zinc concentrations 
occurred at or below the AT value indicating low risk. In addition, the MDC for zinc was 
within the range of background conditions. The combined lines of evidence indicate that 
the risk attributable to zinc is low and within the range of background. 

Results for the available chemical LOEs for zinc indicate that the UCL and UTL EPCs 
exceed the ESL and there is a medium frequency and magnitude of exceedances (with 
some HQs > 5). Zinc had minimal occurrence of exceedances within aquatic habitat 
areas. Additionally, the UCL, and UTL EPCs for the surface sediment data set do not 
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exceed the AT. Therefore, the weight-of evidence conclusion is that there is a small 
potential for adverse effects to aquatic life attributable to this ECOPC. 

2-Methvlnaph thalene 

The MDC for 2-methylnaphthalene in NW AEU sediment (2,000 pgkg) exceeded the 
screening ESL (20.2 pgkg). ESL-HQs for UCL and UTL-EPCs from the comprehensive 
sediment data set were also greater than 1 in both cases (Table 5.3). The AT for 2- 
methylnaphthalene is 201 pgkg, the probable effect level (PEL) from CCME (2002). 
The AT-HQ for the MDC was > 1. AT-HQs for UCL and UTL-EPCs were also greater 
than 1 (3 and 4, respectively). The potential for risk to benthic organisms could not be 
excluded due to these ESL and AT exceedances by 2-methylnaphthalene in sediment at 
Nw mu. 
The concentration distribution for 2-methylnaphthalene is provided in Figure 5.25. As 
depicted in this figure, the ESL is lower than all reported values, which include both 
detected and nondetected concentrations. Nondetected concentrations greater than the 
ESL indicate inadequately low detection limits and contributes to uncertainty regarding 
the potential for risk. All detected samples (104 total samples) exceeded the screening 
ESL (Table 5.5). These samples were collected between February 1992 and May 2004. 
Only one of detected concentration had an HQ greater than 10, although 97 (93 percent) 
concentrations below detection limits also exceeded the ESL with HQs greater than 10. 
The low frequency of exceedances by detected concentrations (7 percent) suggests there 
is a low potential for risk from 2-methylnaphthalene to benthic populations within the 
Nw mu. 
The spatial distribution of 2-methylnaphthalene relative to the screening ESL is shown in 
Figure 2.59. There were six locations with measured concentrations greater than the ESL. 
Five of these occurred outside of true aquatic habitat areas, while the final location 
occurred within the channel. The remaining locations were at nondetect concentrations. A 
review of the uncertainty associated with the reporting limit concentrations is provided in 
Section 6. The spatial extent of the detected concentrations of 2-methylnaphthalene does 
not indicate a potential for risk to benthic populations within the NW AEU. 

MDC-HQs were unchanged in the surface sediment (0-6 inches) data set (Table 5.4). 
These HQ values indicate that.potentia1 risks to benthic populations within the NW AEU 
could not be excluded for 2-methylnaphthalene. 

The MDC (360 pgkg) for 2-methylnaphthalene in soil adjacent to North Walnut Creek is 
greater than the sediment ESL. As a measure of central tendency for this data the 
arithmetic average (285 pgkg) also exceeded the ESL (Attachment 6). There is much 
uncertainty in extrapolating potential future sediment contahination issues based on 
nearby soil chemistry. These data suggest that surface soils would be unlikely to reduce 
the potential for risk to benthic organisms. 

2-Methylnaphthalene was not detected in surface water for the NW AEU. In addition, 
this chemical was not identified as an ECOPC for the pond-specific evaluations of ponds 0 
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A-1, A-2, A-3, A-4 and A-5 (Attachment 8) indicating that 2-methylnaphthalene does not 
pose a risk concern to isolated habitat areas. 

The chemical comparison to ESL and AT values for UCL and UTL EPCs for 2- 
methylnaphthalene suggest the potential for risk cannot be excluded. However, the ESL 
was lower than both detected and nondetected concentrations. The frequency of ESL 
exceedances by detected concentrations was low, due to the low detection frequency. The 
frequency of ESL exceedances by reporting limits was high. Further evaluation of the 
reporting limits as compared to the ESL and AT is provided in Section 6.There is 
uncertainty regarding the potential for risk conclusion due to inadequate detection limits 
driving ESL exceedances based nondetected concentrations. In addition, there was 
minimal spatial extent of elevated concentrations of 2-methylnaphthalene within aquatic 
habitat areas. The weight-of evidence conclusion is that there is uncertain to low potential 
for adverse effects to benthic populations from 2-methylnaphthalene in sediment at 
Nw mu. 
4,4’-DDT 

The MDC for 4,4’-DDT in Nw AEU sediment (4.9 pgkg) exceeded the screening ESL 
(4.16 pgkg). UCL and UTL-EPCs from the comprehensive sediment data were 
unchanged from the MDC, so also drove ESL-HQs > 1 (Table 5.3). The AT for 4,4’- 
DDT is 62.9 pgkg, a consensus-based probable effect concentration (CB-PEC) 
(MacDonald, et al. 2000a). The AT-HQ for the MDC was e 1. AT-HQs for UCL and 
UTL-EPCs were also e 1. The lack of AT exceedances by EPCs suggests that 4,4’-DDT 
in sediment at NW AEU occurs within the range of uncertain toxicity where the potential 
for adverse effects is possible. 

The concentration distribution for 4,4’-DDT is provided in Figure 5.26. As depicted in 
this figure, the ESL is lower than most reported values, which include both detected and 
nondetected concentrations. Nondetected concentrations greater than the ESL indicate 
inadequately low detection limits and contributes to uncertainty regarding the potential 
for risk. Only two detected samples (4 detected of 79 samples) exceeded the screening 
ESL (Table 5.5). These samples were collected between August 1991 and February 1995. 
Both detected exceedances had HQs less than 2, and 54 concentrations below detection 
limits also exceeded the ESL. The uncertainty associated with the detection limit . 
exceedances is further described in Section 6. The low frequency of exceedances by 
detected concentrations (3 percent) suggests there is a low potential for risk attributable 
to the detected concentrations from 4,4’-DDT to benthic populations within the 
Nw AEU. 

The spatial distribution of 4,4’-DDT relative to the ESL is shown in Figure 2.60.4,4’- 
DDT was detected at two locations at concentrations greater than the ESL. Both locations 
were within the channel and not concentrated within a habitat area (such as within a 
single pond). The remaining locations had concentrations below detection limits. This 
spatial extent of 4,4’-DDT detected exceedances does not indicate a potential for risk to 
benthic populations within the NW AEU. 
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MDC-HQs were unchanged in the surface sediment data set (Table 5.4). These low HQ 
values suggest that potential risks to benthic populations within the NW AEU are 
unlikely. 

0 
4,4’-DDT in soil adjacent to North Walnut Creek was below detection in all samples 
(n=12). Nondetected concentrations exceeded the sediment ESL, but represent 
uncertainty in these data (Attachment 6, Table A6.26). 

4,4’-DDT was detected in surface water in one of 123 samples, and was eliminated from 
the surface water ECOPC process due to a low (<5 percent) frequency of detection. In 
addition, this chemical was not identified as an ECOPC for the pond-specific evaluations 
of ponds A-1, A-2, A-3, A-4 and A-5 (Attachment 8) indicating that 4,4’-DDT does not 
pose a risk concern to isolated habitat areas. 

Chemical toxicity comparisons to sediment sam6les found a low frequency of detection, 
low magnitude of exceedances, lack of AT exceedances, and minimal spatial extent of 
elevated concentrations of 4,4’-DDT within aquatic habitat areas. There is uncertainty 
regarding the potential for risk due to detection limit exceedances as compared to the 
ESL. However, the weight-of evidence conclusion is that there is a low and uncertain 
potential for adverse effects to benthic populations from 4,4’-DDT in sediment at 
NW AEU. 
Atrazine 

The MDC for atrazine in NW AEU sediment (120 pgkg) exceeded the screening ESL 
(16.8 pgkg). UCL and UTL-EPCs could not be calculated because there one sediment 
sample was analyzed for atrazine (Table 5.3). The AT for atrazine is 230 pgkg, an 
equilibrium partitioning based (EqP) calculated benchmark (EPA 1997b). The AT-HQ 
for the MDC was < 1. This lack of an AT exceedance by atrazine in sediment at the 
NW AEU suggests that concentrations occur within the range of uncertain toxicity where 
the potential for adverse effects is possible. 

0 

The data concentration distribution for atrazine is provided in Figure 5.30. Only one 
sediment sample was analyzed for atrazine, collected in May 1992. The ESL-HQ for this 
detected sample is 7 (Table 5.5). The potential for risk from atrazine to benthic 
populations within the NW AEU is uncertain, due to few data, but could not be excluded. 
An evaluation of the uncertainty associated with the detection limit of atrazine was also 
completed within Section 6. 

The spatial distribution of atrazine relative to the ESL is shown in Figure 2.65. The single 
measured value at the terminus of Pond A-4 is shown. This value exceeded the ESL. 

MDC-HQs were unchanged in the surface sediment data set (Table 5.4). 

Atrazine was not analyzed in any surface soil samples adjacent to North Walnut Creek. 
Therefore, the potential contribution of atrazine in surface soils to NW AEU sediment is 
not known. 
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Atrazine was not detected in surface water. In addition, this chemical was not identified 
as an ECOPC for the pond-specific evaluations of ponds A-1, A-2, A-3, A-4 and A-5 
(Attachment 8) indicating that atrazine does not pose a risk concern to isolated habitat 
areas. 

Chemical toxicity comparisons to sediment samples found the single atrazine sample 
exceeded the ESL by a magnitude of seven, but did not exceed the AT benchmark. There 
is great uncertainty regarding the potential for risk conclusion due to few samples. 
Therefore, a weight-of evidence conclusion cannot be made on the basis of one sample. 

Carbazole 

The MDC for carbazole in NW AEU sediment (300 pgkg) exceeded the screening ESL 
(25.2 pgkg). UCL and UTL-EPCs from the comprehensive sediment data set also drove 
ESL-HQs > 1 (Table 5.3). The AT for calbazole is 1,600 pgkg, a Washington State 
Sediment Quality Guideline (Cubbage et al. 1997). The AT-HQ for the MDC was < 1. 
AT-HQs for UCL and UTL-EPCs were also > 1. The lack of AT exceedances by EPCs 
suggests that carbazole in sediment at NW AEU occur within the range of uncertain 
toxicity where the potential for adverse effects is possible. 

The concentration distribution for carbazole is provided in Figure 5.35. As depicted in 
this figure, the ESL is lower than most reported values, which include both detected and 
nondetected concentrations. Nondetected concentrations greater than the ESL indicate 
inadequately low detection limits and contributes to uncertainty regarding the potential 
for risk. An evaluation of the uncertainty associated with these detection limits is 
provided in Section 6. A total of 12detected samples (13 detected of 30 samples) 
exceeded the screening ESL (Table 5.5). These samples were collected between February 
1995 and April 1999. Detected exceedances had HQs ranging from 1 to 12. All 17 
nondetected concentrations (57 percent) also exceeded the ESL. The potential for risk 
from carbazole to benthic populations within the NW AEU could not be excluded due to 
this moderate frequency of ESL exceedances by detected concentrations (40 percent). 

The spatial distribution of carbazole relative to the ESL is shown in Figure 2.70. There 
were only two locations within aquatic habitat settings with measured concentrations 
greater than the ESL. The remaining Iocations were within the IA-overlapping portion of 
the AEU. This spatial extent of carbazole exceedances does not indicate a potential for 
risk to benthic populations within the NW AEU. 

MDC-HQs were unchanged in the surface sediment data set (Table 5.4). These HQ 
values suggest that potential risks to benthic populations within the NW AEU cannot be 
excluded. 

The MDC (500 pgkg) for carbazole in soil adjacent to North Walnut Creek is greater 
than the sediment ESL. As a measure of central tendency for this data the arithmetic 
average (340 pgkg) also exceeded the ESL (Attachment 6, Table A6.26). There is much 
uncertainty in extrapolating potential future sediment contamination issues based on ' 

nearby soil chemistry; however, these data suggest that potential contribution of surface 
soils to the NW AEU is unlikely to reduce the potential for risk to benthic organisms. 
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Carbazole was detected in surface water in one of 25 samples, and was eliminated from 
the surface water ECOPC process due to having an MDC less than the ESL. In addition, 
this chemical was not identified as an ECOPC for the pond-specific evaluations of ponds 
A-1, A-2, A-3, A-4 and A-5 (Attachment 8) indicating that carbazole does not pose a risk 
concern to isolated habitat areas. 

0 

Chemical toxicity comparisons to sediment samples found a moderate frequency and 
magnitude of ESL exceedances, although the EPCs did not exceed the AT benchmark 
and the potential for toxicity is uncertain. In addition, there was minimal spatial extent of 
elevated concentrations of carbazole within aquatic habitat areas. Pond-specific findings 
indicate there is no risk potential attributable to carbazole. There is' uncertainty regarding 
the potential for risk due to detection limit exceedances of the ESL. Therefore, the 
weight-of evidence conclusion is the potential for adverse effects to benthic populations 
from carbazole in sediment at NW AEU cannot be excluded. 

PAHs 

The MDC for total PAHs in NW AEU sediment (22,800 pgkg) exceeded the screening 
ESL (1,610 pgkg). UCL and UTL-EPCs also exceeded the ESL (Table 5.3). The AT for 
total PAHs is 22,800 pg/kg, a CB-PEC (MacDonald, et al. 2000a). The AT-HQ for the 
MDC was equal to one. The lack of AT exceedances by EPCs suggests that total PAHs in 
sediment at N W  AEU occur within the range of uncertain toxicity where the potential for 
adverse effects is possible, but not probable. 

Further analysis of the MDC in surface sediment (0-6 inches) determined that the reduced 
MDC (20,310 pgkg) exceeded the screening ESL, but was less than the AT (Table 5.4). 

0 
The number of detected concentrations exceeding the screening ESL for total PAHs is 
shown in Table 5.5. While there was a high frequency of total PAH concentrations 
exceeding the ESL (85 percent), only a few of the resulting AT HQs were greater than 
10. Therefore, due to the lack of AT exceedances and the relatively low magnitude ESL 
exceedances, these chemical lines of evidence indicate that the risk attributable to total 
PAHs in N W  AEU sediment cannot be excluded, but is low and uncertain. Total PAHs 
were evaluated within the pond-specific assessment and eliminated from further analysis 
because surface sediment concentrations in ponds fell below ESL values. Thus, total 
PAHs do not pose a risk to isolated aquatic habitat areas within Ponds A-1 through A-5. 

The MDCs for 14 individual PAHs (acenaphthene, anthracene, benzo[a]anthracene, 
benzo[a]pyrene, benzo[g,h,i]perylene, benzo[k]fluoranthene, chrysene, 
dibenz[a,h]anthracene, fluoranthene, fluorene, indenor 1,2,3-~d]pyrene, naphthalene, 
phenanthrene, and pyrene) in NW AEU sediment all exceeded their respective screening 
ESLs. Screening ESL-HQs were also >1 for UCL and UTL-EPCs from the 
comprehensive sediment data set (Table 5.3). These samples were collected between 
August 1991 and July 2005. 

UCL and UTL-EPCs for seven PAHs did not exceed the AT benchmark (anthracene, 
benzo[a]anthracene, benzo[a]pyrene, chrysene, fluoranthene, naphthalene, and pyrene). 
Three addition a1 PAHs (benzo [ k] fl uoran t hene , fluorene , and phenanthrene) had UTLs 0 
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that exceeded their AT benchmarks by a low magnitude (HQ .e 2), but UCLs did not 
exceed ATs (except for fluorene and phenanthrene. AT benchmarks were mainly 
comprised of consensus-based PECs (MacDonald, et al. 2000a) or other sources when 
CB-PECs were not available. A PEL for acenaphthene (MacDonald, et al; 1999); ERMs 
for benzo(g,h,i)perylene and indeno( 1,2,3-cd)pyrene (Ingersoll, et al. 1996); a toxic effect 
threshold (TET) concentration for benzo(k)fluoranthene (MENVIQBC 1992); and an 
effects range low (ERL) for total PAHs (Ingersoll, et al. 1996) were used as a surrogate 
for dibenz(a,h)anthracene in the absence of any other benchmark (Attachment 5). The 
potential for risk from these PAHs is within the range of uncertain toxicity where the 
potential for adverse effects is possible, but not probable. The final four PAHs 
(acenaphthene, benzo[g,h,i]perylene, dibenz[a,h]anthracene, and indenor 172,3-cd]pyrene) 
exceeded their ATs, but with HQs 5 6 .  The potential for risk could not be excluded for 
these four PAHs. 

Concentration distributions for PAHs are provided in Figures 5.27, 5.28,5.31 through 
5.34, and 5.36 through 5.43. ESLs for four PAHs (acenaphthene, benzo[g,h,i]perylene, 
dibenz[a,h]anthracene, and indenor 172,3-cd]pyrene) are lower than all detected and 
nondetected concentrations.. ESLs also were lower than many of the detected 
concentrations of all other PAHs. Nondetected concentrations greater than the ESL 
indicate inadequately low detection limits and contribute to uncertainty regarding the 
potential for risk. 

Surface sediment MDCs for almost all PAHs were not different from those in the 
comprehensive data set, so MDC-HQs were unchanged (Table 5.4). The MDC for 
naphthalene was lowered from 320 pgkg in the comprehensive data to 310 pgkg in the 
surface sediment. The ESL-HQ for naphthalene was still exceeded UCL (HQ=2) and the 
AT-HQ was still <I. UTL-EPCs were also only slightly lower or slightly higher for 
surface sediments than for the comprehensive data. 

The number of detected and nondetected concentrations exceeding the screening ESL are 
shown in Table 5.5. Four PAHs (benzo[k]fluoranthene, dibenzo[a,h]anthracene, fluorene, 
and naphthalene) had 112 percent of samples exceeding the ESL by detected 
concentrations. None of these four PAHs had detected concentrations with ESL-HQs 
greater than 10. There is uncertainty in this conclusion due to the exceedance of detection 
limits as compared to the ESL'. The ESL exceedance frequency of the remaining PAHs 
(acenaphthene, anthracene, benzo[a]anthracene, benzo[a]pyrene, benzo[g,h,i]perylene, 
chrysene, fluoranthene, indenor 1 ,2,3-cd]pyrene7 phenanthrene, and pyrene) were greater 
than 24 percent and suggest that the potential for risks from these PAHs cannot be 
excluded. 

The spatial distribution of individual PAHs in sediment does not generally indicate a 
potential for risk to benthic populations within the NW AEU (Figures 2.61,2.62 and 2.66 
through 2.77). Total PAH calculated values by sample location as compared to the ESL is 
shown within Figure 2.58. Although there were frequent exceedances for some PAHs, 
these samples were not clustered in small areas that would indicate hot-spots within true 
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aquatic habitat areas'. Results presented within the figures include all sediment depth 
fractions. Further analyses of ECOPCs in ponds A-1 and A-3, where individual PAHs 
were found to exceed ESLs, indicated that almost all of these detected concentrations that 
exceeded ESLs were from sub-surface sediment samples. Sediment from more than 6 
inches below the surface is not biologically available and represents an incomplete 
exposure pathway to benthic organisms. Further analysis of the spatial extent within 
surface sediment for ponds A-1 and A-3 are presented in Attachment 8, where PAHs 
were concluded to pose a low likelihood of risk to benthic macroinvertebrates. 

1 

The potential contribution to future sediments from surface soils adjacent to North 
Walnut Creek is unlikely to reduce sediment risks in the N W  AEU (Attachment 6). PAH 
concentrations in surface soils were greater than ESLs for the all 14 individual PAHs. 
However, there is much uncertainty in extrapolating potential future sediment 
contamination issues based on nearby soil chemistry. The extent of surface soil 
contributions to site sediments cannot be predicted. 

Confidence in these individual PAH risk characterizations is reduced when total PAHs do 
no exceed the ESL or AT. Screening ESLs for individual PAHs are derived from multiple 
sources with varying endpoints and organisms sensitivities. The consensus-based TEC 
(MacDonald, et al. 2000a) used as the total PAH-ESL is a more conservative estimate of 
the toxicity threshold where adverse effects are not expected to occur in most sediment 
types. There is the highest confidence in this benchmark, which is based on a review of 
several sources and has a high degree of accurately predicting the absence of toxicity. 
Likewise, the AT benchmark for total PAHs is a good predictor of likely adverse effects. 
The potential for adverse effects remains uncertain for concentrations between these 
benchmarks. 

0 

Total PAHs evaluate the potential for effects for all PAHs, not only those with known 
screening benchmarks. The additive toxicity from PAHs is also addressed by total PAH 
benchmarks. In these respects the total-PAH screen better identifies risk than individual 
PAH SEVs. 

The weight-of-evidence conclusion for chemical LOEs is that there is a low but uncertain 
potential for risk to benthic populations from PAHs in NW AEU sediment. Sediment 
concentration screening against threshold toxicity benchmarks found the magnitude of 
exceedances for PAHs were greater than 10 for some detected concentrations and for 
total PAHs; however, there was often a low frequency of these exceedances, and minimal 
spatial extent of elevated surface sediment concentrations within aquatic habitat areas. 
There is uncertainty in this conclusion due to the exceedance of detection limits as 
compared to the ESL. 

' 'True aquatic habitat areas' include the main stream channel and ponds. Samples from ephemeral habitat, 
overland flow, and ditches are not considered representative of true habitat (Figure 1.7). 
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PCBs 

The MDC for total PCBs in NW AEU sediment (5,200 pgkg) exceeded the screening 
ESL (40 pgkg). The total PCBs evaluated were based only on Aroclor-1254, the only 
detected PCB in NW AEU sediment. The screening ESL for total PCBs is more 
conservative than for Aroclor-1254 and, thus, will serve as a conservative evaluation of 
this PCB congener. The AT for total PCBs is 676 p e g ,  a CB-PEC (MacDonald, et al. 
2000a). The AT-HQ for the MDC was 1 (8). UTL and UCL values exceeded the ESL 
but not the AT. The lack of AT exceedances suggests that total PCBs in sediment at 
NW AEU occur within the range of uncertain toxicity where the potential for adverse 
effects is possible. 

The data concentration distribution for Aroclor-1254 is provided in Figure 5.29. As 
depicted in this figure, the ESL is lower than many reported values, which include both 
detected and nondetected concentrations. Nondetected concentrations greater t h q  the 
ESL indicate inadequately low detection limits and contributes to uncertainty regarding 
the potential for risk. A total of 6 detected samples had HQ values of 1 or less 
(Table 5.5). These samples were collected between October 1992 and July 2005. 
Detected exceedances had HQs ranging from 1 to 130. A total of 85 nondetected 
concentrations also exceeded the ESL. The low frequency of exceedances by detected 
concentrations suggests there is a low potential for risk from Aroclor-1254 to benthic 
populations within the NW AEU. 

The spatial distribution of Aroclor-1254 relative to the ESL is shown in Figure 2.64. 
Total PCB distribution is provided in Figure 2.63. The spatial distribution demonstrates a 
concentration of measured values greater than the ESL within Ponds A-1 and A-2. A 
single measured value greater than the ESL was also found within Pond A-3. The 
remaining true aquatic habitat settings are devoid of measured values greater than the 
ESL. The 11 locations with measured values greater than the ESL represent 
approximately 24 percent of the data within the true aquatic habitat areas. The remaining 
occur below the ESL or were nondetects. Further analysis of the pond-specific risk is 
described below and within Attachment 8. This spatial extent of Aroclor-1254 
exceedances does not indicate a potential for risk to benthic populations within the 
NW AEU outside of ponds A-1 and A-2. 

Further analysis of maximum total PCB concentrations in surface sediment (Table 5.4) 
revealed the EPCs (130 pgkg) exceeded the screening ESL, but were less than the AT. 
The Aroclor-1254 MDC-HQs in the surface sediment data set were lower than that in the 
comprehensive data set results, but continued to exceed one. The significantly lower 
MDC in surface sediment (920 pgkg) indicates that the potential for adverse effects is 
lower in the biologically active surface sediments than in lower depths. However, the 
surface sediment MDC-HQs still exceeded one and the potential risks to benthic 
populations within the NW AEU cannot be excluded based on this LOE. 

The MDC (2,300 pgkg) for Aroclor-1254 in soil adjacent to North Walnut Creek is 
greater than the sediment ESL. As a measure of central tendency for this data the 
arithmetic average (109 pgkg) also exceeded the ESL (Attachment 6, Table A6.26). 
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There is much uncertainty in extrapolating potential future sediment contamination issues 
based on nearby soil chemistry; however, these data suggest that potential contribution of 
surface soils to the NW AEU is unlikely to reduce the potential for risk to benthic 
organisms. 

0 

The spatial distribution of concentrations of Aroclor-1254 relative to the CRA 
Methodology ESL is shown in Figure 2.63 and demonstrates that sample results within 
the aquatic habitat areas (flowing channels and channels connected to the main step) 
inclusive of all of the ponds were at nondetected levels. 

Total PCBs and Aroclor-1254 were identified as an ECOPCs for the pond-specific 
evaluations of Ponds A-1 and A-2. For Pond A-1, the surface sediment HQ for the ESL is 
1, while the HQ for the AT is <I. For Pond A-2, the surface sediment HQ for the ESL is 
2, while the HQ for the AT is e1.These results indicate that Aroclor-1254 presents low 
risk to the aquatic life within NW AEU. 

For Pond A-1, total PCBs were evaluated. Two Aroclor congeners were detected (1254 
and 1260); however, Aroclor-1260 was detected in one subsurface sediment sample of 15 
collected. Since it was not detected in the surface sediment, it was removed from further 
consideration. The total maximum surface sediment concentration for total PCBs was 
compared to the total PCBs ESL and yielded an HQ of 1 while the HQ for the AT is el. 
Given the low HQ values (1 to <I) it is unlikely that total PCBs, exceeding the ESL by a 
low magnitude, poses an unacceptable risk to benthic populations within Pond A-1. 

For Pond A-2, total PCBs had a total detected maximum concentration of 130 pg/kg 
attributable to Aroclor-1254. This value exceeds the total PCB ESL of 40 but is less than 
the total PCB AT of 676 pgkg. The surface sediment HQ for the ESL is 3, while the HQ 
for the AT is el. Therefore, it is unlikely that total PCBs, exceeding the ESL by a small 
amount, poses an unacceptable risk to benthic populations that inhabit Pond A-2. 

For Pond A-3 total PCBs had a total detected maximum concentration of 45 pg/kg 
attributable to Armlor-1254. The results of Aroclor-1254 were greater than the total PCB 
ESL, yet less than the Aroclor-1254 ESL of 60 lg/kg. In addition, this value is less than 
the total PCB AT of 676 pgkg. The surface sediment HQ for the ESL is 1, while the HQ 
for the AT is el. Armlor-1254 had a frequency of detection of 12.5 percent (detected in 1 
of 8 samples from the comprehensive sediment data set, and detected in 1 of 5 samples 
from the surface sediment data set) indicating a limited spatial extent. Therefore, it is 
unlikely that total PCBs pose an unacceptable risk to benthic populations that inhabit 
Pond A-3. 

Chemical toxicity comparisons to sediment samples found a low frequency of 
exceedances by detected concentrations of PCBs (Aroclor-1254). There was also minimal 
spatial extent of elevated concentrations of Aroclor-1254 within aquatic habitat areas 
outside of ponds A-1 and A-2. Further evaluation of pond-specific results indicates that 
surface sediment conditions have a low risk potential with HQ values being low. There is 
uncertainty regarding the potential for risk conclusion due to inadequate detection limits 
driving ESL exceedances based nondetected concentrations. However, the weight-of 0 
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evidence conclusion is that there is a low potential for adverse effects to benthic 
populations from total PCBs (Aroclor-1254) in sediment at NW AEU. 

OthedDrainage Specific Lines of Evidence 

Table 5.6 summarizes the findings from otherhainage LOEs gathered for the NW AEU 
by others. Detailed descriptions of these studies are provided in Attachment 7. The types 
of otheddrainage LOEs available for the NW AEU include tissue analysis, aquatic 
population studies, bioassay analysis and waterfowl/wading bird evaluations. The time 
periods captured by these efforts coincide with the surface water and sediment AEU 
sample collection dates. Therefore, these studies represent a snap shot in time that 
coincides with the contaminant risk evaluation. Most of the studies capture historical 
conditions that have been altered in ways to remove chemical stressors. Thus, their 
findings provide a conservative characterization of biological communities and the 
bioavailability and toxicity of various contaminants. 

Results of the otheddrainage LOEs indicate that the NW AEU is an aquatic ecological 
setting largely controlled by limited physical habitat and low flow with little of no 
evidence of the effects of site chemistry. Discharge measurements along the length of this 
drainage suggest that the NW AEU has periods of no flow. Seasonal discharge is directly 
related to conditions of spring snowmelt and rainfall events. Therefore, the aquatic 
communities within the NW AEU are reflective of opportunistic populations able to 
utilize transient habitat conditions. 

Specifically, PCB concentrations in fish tissue collected from A-series ponds of the NW 
AEU were lower than maximum recommended body burdens (Eisler 1986) and were 
determined to pose no risks to fish or avian piscivores (Stiger 1994; DOE 1996). PCBs 
were also below detection limits in A-series pond sediments from this study. PCBs were 
also below detection in most benthic invertebrate, fish, and sediment samples reported by 
DOE (1996). Benthic macroinvertebrate communities were relatively healthy and 
supported by good water quality in Walnut Creek (Exponent 1998). The presence of 
pollution intolerant taxa (Ephemeroptera and Trichoptera) indicate the Walnut Creek 
benthic macroinvertebrate community was relatively rich and diverse (Aquatic 
Associates Inc. 2003). Sediment toxicity bioassays agree with the findings from these 
other studies and found no toxicity to HyuZeZZu uztecu and Chironomus tentuns in pond 
sediments (DOE 1996). 

The discrepancy between site sediment toxicity and ESL exceedances, particularly by 
PAHs, may be due to the chemical properties of the sediment. Organic carbon (OC) in 
sediments binds nonpolar (non-ionic) organic contaminants to render them non- 
bioavailable (Mahony et al. 1996). If the total organic carbon (TOC) in NW AEU 
sediments is higher than the 1 percent TOC assumed in the ESLs, then these ESLs will be 
more conservative than necessary to protect benthic organisms Higher OC in sediments is 
derived from decomposition of leaves and organic matter, producing a dark spongy soil. 
Site investigations indicate that stream and pond sediment is darker and richer in OC than 
the assumed 1 percent. Sediment accumulation areas in the ponds, streams (backwaters 
and pools), and marshy areas with emergent vegetation are likely to produce TOC-rich 
(>5 percent) and electrochemically-reduced sediments that will produce sulfide. Acid 
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volatile sulfides (AVS) bind metals when the sediments are anaerobic (Ankley, et al. 
1996). Therefore, sulfide and TOC likely to be present in the soft sediments of low- 
energy microhabitats, including pond bottoms, will serve to detoxify metals and certain 
organic con taminan ts. 

0 

The studies all came to the conclusion that the aquatic assemblages within the NW AEU 
are typical of aquatic settings with similar habitat features along the Front Range. There 
was no evidence of contaminant stressor controlling factors diversity and abundance of 
aquatic populations. One set of studies (Kaiser-Hill 1999,2000, and 2001) indicated that 
the aquatic community has been stable over time. This provides a LOE that the aquatic 
community in relatively recent years (1999-2001) is representative of communities within 
the general area and has not changed in apparent response to changes in chemical 
stressors. 

5.3.3 Weight of ,Evidence Conclusions 

The weight-of-evidence (WOE) process is the integrated conclusions from each of the 
lines of evidence (LOE) used in risk characterization. Those basic types of LOEs include 
contaminant toxicity and exposure information as well as drainage-specific studies on 
aquatic populations, communities, and habitat characteristics. 

Overall WOE conclusions are based on best professional judgment based on the 
preponderance of evidence. If risk conclusions were in disagreement, the multiple LOEs 
were balanced against each other with weights assigned based on the certainty of the risk 
characterization. Lower confidence was given to risks driven by single LOEs while the 
greatest confidence was given to those conclusions with supportive, multiple LOEs. 
Greater weight was also given to LOEs that evaluate the habitat and biological conditions 
on-site, as opposed to chemical lines of evidence based on desktop modeling with high 
uncertainty . 

0 

The specific LOEs used in the WOE are as follows: 

Chemical 
I 

Comparisons of media-specific concentration profiles to ESLs and ATs. 
(including magnitude'of HQs). 

Frequency of exceedances. 

Spatial and temporal pattern of contamination and exceedances. 

Biological and habitat 

Hydrology of drainage 

Toxicity studies 

Diversity and abundance characterizations 

DEN/EO3200501 I .DOC 77 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 15B2 
Aquatic Exposure Units 

There were 9 surface water ECOPCs (7 inorganics, 1 organic, and 1 radionuclide) and 35 
sediment ECOPCs (14 inorganic and 21 organic) evaluated using multiple LOEs within 
the contaminant risk characterization. 

Conclusions for the N W  AEU can be summarized as: 

Magnitude of ESL or AT exceedances: 

0 Most surface water contaminants showed low magnitude HQs for either primary 
ESLs or ATs. The only exceptions were aluminum in a range of uncertainty and 
total PCBs with detection limit problems (higher than benchmarks). 

Sediment ESL-HQs were generally low ( 4 0 )  for UTL and UCL-EPCs except for 
antimony, fluoride, 2-methylnaphthalene7 acenaphthene, benzo(g,h,i)perylene, 
and indeno( 1 ,2,3-cd)pyrene7 and were less than 5 for all UTL and UCL 
comparisons to AT benchmarks except antimony and acenaphthene. 

Spatial Distribution: 

0 Most surface water contaminants were primarily found outside the primary 
aquatic habitats (stream channels and ponds). Ammonia was widely scattered. 
Only selenium, silver, and vanadium were clustered in aquatic habitats. 

0 Most sediment contaminants were widely dispersed and rarely concentrated in 
. aquatic habitat areas. Further pond-specific analysis eliminated the spatial concern 

these chemicals demonstrated. Most were at nondetect or less than ESL 
concentrations within surface sediment indicating a low fisk concern. 

Frequency of Exceedances: 

0 Almost all surface water contaminants had a very low frequency of HQ 
exceedances. Aluminum (total), un-ionized ammonia, cyanide, vanadium (total), 
and radium-228 were notable exceptions. 

0 Most sediment ECOPCs had fewer than 20 percent of samples (detected) 
exceeding their ESL, except for fluoride, zinc, acenaphthene, anthracene, atrazine, 
benzo(a)anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, carbazole, chrysene, 
fluoranthene, indeno( 1 ,2,3-cd)pyrene7 phenanthrene, and pyrene. 

Change in Exceedances over Time: 

0 Almost all contaminants have improved in concentrations in surface water over 
time; none are worse, but silver was approximately unchanged.. 

Surface sediment MDCs were generally not different from the comprehensive sediment 
database ESLs and did not influence the potential for risk. In only a few cases were the 
MDCs lower in surface sediments (aluminum, arsenic, barium, cadmium, nickel, 
naphthalene, and Aroclor-1254). 
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Drainage-specific habitat and ecological studies: 

Previous studies indicate that aquatic life within the NW AEU is primarily 
affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the'ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

Toxicity was not observed in pond sediment bioassays, indicating that PAHs, 
PCBs, and metals do not pose a potential for risk in pond habitat. 

Fish tissue residues were below toxicity thresholds for PCBs. 

0 Benthic macroinvertebrate communities were heal thy. 

In summary, the weight of evidence gathered from the risk characterization indicates that 
there is no or low potential for risk to the aquatic populations within the N W  AEU caused 
from contaminant chemistry alone. The seasonal hydrologic regime and local topography 
are most important in determining the makeup of the local aquatic communities and in 
mitigating any small potential for chemical-based risk. The lack of toxicity in pond , 

sediment bioassays also had a strong weight in this WOE. In contrast to the strong effects 
of intermittent flows and seasonal hydrologic regime, the observations indicating the 
possibility of low, chemically-based risk were mostly based on uncertain toxicological 
endpoints and low and infrequent exceedances which would be unlikely to produce 
population and community effects, an observation supported by the various other LOEs 
and special studies. 

0 

5.4 Risk Characterization of the SW AEU 

ECOPCs were identified for surface water and sediment within the SW AEU. A 
contaminant risk characterization using the various LOEs was completed for these 
contaminants. The SW AEU has seen considerable study by others in areas of 
otheddrainage lines of evidence. This risk characterization begins with a site ecological 
setting description in order to provide perspective regarding the aquatic ecosystem 
characteristics associated with the SW AEU. The contaminant risk LOEs and the 
otheddrainage LOE are then described, followed by a weight-of-evidence summary of 
these risk descriptors. 

I 5.4.1 Site-Specific Habitat Description 

South Walnut Creek is a portion of the watershed that provides the major drainage for the 
north-central portion of RFETS including the majority of the IA. South Walnut Creek has 
five retention ponds (Ponds B-1, B-2, B-3, B-4, and B-5). The section of the stream 
upgradient from the B 5 pond is classified as stream Segment 5 in the Big Dry Creek 
basin by the Colorado Water Quality Control Commission (WQCC), Downstream from 
Pond B-5, South Walnut Creek is classified as stream Segment 4b. The flow in South 

0 
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Walnut Creek has been highly dependant on effluent from former sewage treatment plant, 
stormwater runoff from the IA, and management of the ponds. South Walnut Creek flows 
bypass Ponds B-1 and B-2 as these ponds were maintained as isolated ponds for 
emergency spill control. Pond B-3 had received flows from the sewage treatment plant 
and flowed into Pond B-4. Correspondingly, South Walnut Creek flows are diverted 
around Ponds B-1, B-2, and B-3, and into Pond B-4, which flows continuously into 
Pond B-5. Water is released from the “terminal pond,” Pond B-5 periodically, occurring 
six to eight times per year. Below Pond B 5, the aquatic environment is totally dependent 
upon periodic releases from the Pond. Between batch releases from the terminal ponds 
(B-5 and A-4), the lower section of Walnut Creek is often dry. The hydrology of South 
Walnut Creek is expected to change in response to the ongoing accelerated actions that 
include removal of buildings within the IA and the elimination of water historically 
imported for RFETS operations. This includes the elimination of the Sewage Treatment 
Plant discharge and removal of pavement from within the IA. All of these efforts 
combined are expected to create a decrease in flows within South Walnut Creek. 

Native fish species are found in the Walnut Creek ponds and specific sections of the 
stream (AAI 2003). Fathead minnows (Pimephules promelus), are present in the B ponds, 
the stream between B 4 and B 5 ponds and in lower Walnut Creek. A variety of non- 
native fish species including rainbow trout (Sulmo guirdneri), carp (Cyprinus curpio), 
and bass (Micropterns sp.) were introduced into the ponds at various times, however no 
introductions have led to establishing reproducing fish populations in the B ponds. 

Within the Walnut Creek area, the most common aquatic macroinvertebrates are the 
larvae of the blackfly (Order Diptera, Simulidue sp.), midge (Order Diptera, 
Chironomidue sp), mayfly (Order Ephemeropteru) (DOE 1997) and scuds (Hyulella 
uztecu) (AAI 2003). Other species include caddisflies (Order Trichopteru), craneflies 
(Tipulidue ssp.), and damselfly larvae (Order Odonutu), as well as snails (Class 
Gastropoda) and other amphipods (Order Amphipodu). Large macroinvertebrate species 
such as those present within the Walnut Creek area, such as crayfish (Order Decupodu, 
Family Cumburidae) and snails are potentially important prey for other fish, waterfowl, 
and mammal species. 

Characterization of the aquatic habitat provided by North Walnut Creek is of primary 
consideration with regards to aquatic risk. Currently sustained flows exist, albeit minimal 
in nature that supports some aquatic species. Given the nature of ongoing accelerated 
actions, the location and amount of viable aquatic habitat that will be present after 
accelerated actions are complete is unclear since overland flow may be altered by the IA 
accelerated actions. 

5.4.2 Exposure and Risk Characterization 

Contaminant Risk Characterization Lines of Evidence 

Tables 5.7 and 5.8 provide the HQs for the comprehensive surface water data set and the 
post-1999 surface water data set. Tables 5.9 and 5.10 provide the HQs for the 
comprehensive sediment (includes all depth fractions) and surface (0-6”) sediment data 
sets for the sediment ECOPCs, respectively. HQs derived from the ESL and AT values 
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for each contaminant are provided for MDC, UCL, and UTL EPCs for each of the four 
media. Table 5.1 1 provides the frequency and magnitude of comprehensive surface water 
and sediment HQs based on ESLs. Concentration distributions of ECOPCs in surface 
water and sediment media in relation to ESLs and AT benchmarks are presented in 
Figures 5.44 through 5.74. The results of the contaminant risk characterization are 
presented below by medium (surface water and sediment) and by contaminant. ' 

Sudace Water ECOPCs 
Ammonia 

The MDC for unionized ammonia in SW AEU surface water (0.78 m a )  exceeded the 
screening ESL (0.02 mg/L). A total of 1630 detected samples from SW surface water 
exceeded the screening ESL for ammonia. These samples were collected between July 
1991 and August 2004. The high frequency of exceedances by detected concentrations 
(63 percent) suggests that the potential for adverse effects cannot be excluded. 
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The screening ESL for ammonia was derived from CDPHE (2005a). ESL-HQs for UCL 
and UTL EPCs from the comprehensive surface water data set were 7 and 18 respectively 
(Table 5.7) (the ESL was unchanged from the screening value). The AT value for 
ammonia (0.165 mg/L) was the acute water quality criterion, and was pH- and 
temperature-adjusted using a SW AEU specific average pH of 7.6 and an estimated 
temperature of 20°C (Attachment 5). The AT-HQs for the UCL and UTL EPCs were 
both a value of 2. These AT HQ values indicate a low risk potential attributable to 
ammonia. 0 
Ammonia was detected in 91 percent of the s&ples. The concentration distribution is 
provided in Figure 5.44. Approximately 40 percent of the values fall below the ESL 
value, while the UTL concentration is greater than the ESL and AT. The magnitude and 
frequency of HQ values for the data set based on the Refined ESL are presented in 
Table 5.1 1. The detected results were within the HQ range of 5 1 to > 10. This indicates 
that ammonia concentrations occur within the range of uncertainty where there is the 
potential for adverse effects. Although about 65 percent of the detected exceedances had 
HQs less than 10,27 percent had HQs greater than 10 (maximum HQ = 39). Therefore, 
the potential for adverse effects cannot be excluded for ammonia in surface water at 
SW AEU based on the comparison of site concentrations to the refined ESL. Comparison 
to the AT results in an AT HQ for the UTL EPC of 2, which is considered a low 
magnitude of exceedance. 

The spatial distribution of ammonia concentrations relative to the site-specific ESL is 
shown in Figure 2.98. Several locations within channel and pond areas had measured 
concentrations greateqthan the ESL. However, a number of locations within these same 
settings had measured concentrations less than the ESL. Because exceedance occur 
within aquatic habitat areas, the potential for risk cannot be excluded based on this LOE. 

Refined ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set 
were 2 and 5, respectively (Table 5.8). Although the MDC had a moderate exceedance 
(HQ = 16), the low HQs for the measures of central tendency of the data distribution 
suggest that the risk potential is low. Additionally, the MDC for the post-1999 data set is 0 
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nearly half the MDC for the complete data set, and the UTL and UCL values are also 
reduced. This suggests that current concentrations of ammonia within the SW AEU pose 
lower risk to aquatic receptors than historic levels. Within the SW AEU, there is a high 
frequency of exceedance and moderate magnitude of exceedance of the refined ESL. 
Additionally, exceedances were observed in the aquatic habitat areas, though the spatial 
distribution of these exceedances did not appear to be widespread or consistent. The 
limited spatial distribution suggests that risk to aquatic populations may be low. This is 
further supported by the low magnitude of AT exceedances for the MDC, UTL, and UCL 
EPCs from the complete distribution of data, and by the low magnitude of ESL and AT 
exceedances for the UTL and UCL EPCs from the post-1999 data set. The post-1999 data 
also indicates that current concentrations of ammonia are reduced from historic levels and 
therefore, risk is reduced. These combined results of the chemical LOEs for ammonia 
indicate there may be low potential for adverse effects to aquatic life attributable to this 
ECOPC. 

. 

Cadmium (Dissolved) 

The MDC for cadmium in SW AEU surface water exceeded the ESL (0.00025 mg/L). A 
total of 167 samples from SW surface waters exceeded the screening ESL for cadmium. 
These samples were collected between September 1991 and December 2004. The low 
frequency of exceedances by detected concentrations (15 percent) suggests that potential 
adverse effects may not be widely distributed. 

The cadmium screening ESL is hardness dependant and was calculated after CDPHE 
(2005a) using an estimated hardness of 100. Site specific hardness in SW AEU was 
determined to be 204 (Attachment 5); and,da refined ESL based on this site-specific 
hardness is 0.0038 mg/L. The MDC for cadmium (dissolved) still exceeded this refined 
ESL, but with a low magnitude HQ (8). ESL-HQs for UCL and UTL EPCs from the 
comprehensive surface water data set were < 1 (Table 5.7).The AT for cadmium is the 
acute water quality criterion. This site-specific, hardness adjusted AT value is 
0.0092 mg/L. AT-HQ values for UCL and UTL EPCs were both <1. These ESL and AT 
HQ values indicate no or low risk potential attributable to cadmium. 

Cadmium was detected in 15 percent of the samples indicating a minimal spatial extent of 
occurrence. The concentration distribution is provided in Figure 5.45. The detected 
values fell below the ESL with few exceptions, and the average and UTL values were 
less than the ESL and AT values. The magnitude and frequency of HQ values for the data 
set based on the refined ESL are presented in Table 5.1 1. All HQs for the detected 
concentrations were 5 10 (75 percent were 5 5), and the frequency of exceedances of the 
refined ESL was 1 percent (8 of 1,103 samples). Therefore, there is a very low potential 
for risk from cadmium in surface water at SW AEU. 

The spatial distribution of cadmium relative to the site-specific ESL is shown in 
Figure 2.99. Three locations within the channel area exceeded the ESL. The remaining 
locations within the channel and pond settings were either less than the ESL or at 
nondetect levels. One location outside the aquatic habitat areas and within the IA 
overlapping portion of the AEU had a measured value greater than the ESL. The three 
locations with measured values greater than the ESL represent approximately 6 percent of 
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the data within true aquatic habitat areas. The remaining 94 percent occur below the ESL 
or were nondetects. Because 3 of the 8 exceedances of detected values occurred within 
the aquatic habitat areas, the potential for risk cannot be excluded based on this LOE. 

Refined ESL- and AT-HQs for MDC, UCL, and UTL EPCs from the post-1999 surface 
water data set were all <I (Table 5.8). This indicates that current cadmium concentrations 
are not a potential risk to aquatic populations within the SW AEU. 

Although potential risk could not be excluded based on the spatial distribution of 
cadmium within the SW AEU, the three other chemical LOEs indicate that there is no or 
low risk to aquatic populations within this AEU. Specifically, the UCL EPC from the 
comprehensive data set had an HQ < 1 and the UTL EPC had an HQ of 1; the frequency 
(1 percent) and magnitude (HQs < 10) of exceedances of the refined ESL are low; and all 
current data (post-1999) were below the refined ESL (Le., HQs < 1). 

Cyanide 

The MDC for cyanide in SW AEU surface water (0.061 mg/L) exceeded the screening 
ESL (0.0005 m a ) .  A total of .19 detected samples from SW surface water exceeded the 
screening ESL for cyanide. These samples were collected between July 1991 and 
February 2004. The low frequency of exceedances by detected concentrations 
(1 1 percent) suggests that potential adverse effects may not be widely distributed. ESL- 
HQs for UCL and UTL EPCs from the comprehensive surface water data set were 16 to 
20, respectively (Table 5.7). The exceedances by nondetects adds uncertainty to the 
determination of risk from this chemical (Table 5.11). 

The screening ESL for cyanide was derived from CDPHE (2005a). The chronic ESL, 
expressed as free cyanide, was estimated from the acute screening value using an 
uncertainty factor of 10. This is very conservative given that total cyanide was measured 
at the site, and no measure of the free cyanide is available. Additionally, cyanide is not 
predicted to persist in aquatic environments as it readily degiades under normal 
conditions, with volatilization accounting for most of the free cyanide removal (Eisler 
2000). Alternative screening benchmarks presented in MacDonald et al. (1999) range 
from 0.003 mg/L for the District of Columbia (EPA 1988) up to 0.04473 mg/L for the 
Great Lakes final acute value (EPA 1992). An acute surface water benchmark value of 
0.005 mg/L was considered the AT value (CDPHE 2005a). ). The AT-HQ values suggest 
that potential risk from cyanide may be low. 

Cyanide was detected in 11 percent of the samples indicating a minimal spatial extent. 
The concentration distribution is provided in Figure 5.46. The average is just slightly 
greater than the AT, and the UTL is greater than ESL and AT values. The magnitude and 
frequency of HQ values for the data set based on the refined ESL are presented in 
Table 5.1 1. Screening ESL HQs for individual samples ranged from less than' 1 to greater 
than 5 ,  with 99 percent of samples (detected and nondetected) exceeding the ESL. 
Because detection limits for cyanide at SW AEU were higher than the ESL, there is 
uncertainty regarding the potential for risk from this ECOPC. However, the conservative 
nature of the screening ESL (Le., based on data for free cyanide and derived using an 
uncertainty factor of 10) and the generally low magnitude of exceedance of the AT (HQs 
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< 7 for 97 percent of the detected and nondetected exceedances of the AT) suggest that 
adverse effects from cyanide in surface water are unlikely at SW AEU. 

The spatial distribution of cyanide relative to the ESL is shown in Figure 2.100. Three 
locations within the channel area, and one within the ponds B-4 and A-5 exceeded the 
ESL. The remaining locations within the channel and pond settings were at nondetect 
levels. One location outside the aquatic habitat areas, and within the IA overlapping 
portion of the AEU had measured values greater than the ESL. Because exceedances 
occurred within the aquatic habitat areas, potential risk from cyanide cannot be excluded 
based on this LOE. 

Cyanide was measured in only one SW AEU surface water sample collected post-1999. 
This sample represented the MDC for the comprehensive data surface water data set, with 
an ESL HQs of 73 and an AT-HQ of 7 (Table 5.8). Although the cyanide concentration in 
this sample was greater than historic samples, no temporal trends can be inferred to the 
limited data. Therefore, this LOE adds little to the understanding of potential risk from 
cyanide. 

All detected concentrations of cyanide exceeded both the ESL and AT values; though the 
magnitude of exceedances of the AT values was low (97 percent of detected exceedance 
had HQs < 7). Additionally, detected exceedances were observed in aquatic habitat areas 
within the SW AEU, and the post-1999 data was not sufficient to describe current 
cyanide concentrations (Le., only one cyanide measurement available). However, the low 
frequency of detection and the low magnitude of exceedances of the AT value suggest 
that risk may be low. Additionally, free cyanide is not predicted to persist in aquatic 
environments under normal conditions. These results indicate there may be a low but 
uncertain potential for adverse effects to aquatic life attiibutable to this ECOPC. 

i 

Si 1 ver (Dissolved) 

The MDC for silver in SW AEU surface water (0.0332 mg/L) exceeded the screening 
ESL (0.00032 m a ) .  A total of 21 detected samples from SW surface waters exceeded 
the ESL for silver. These samples were collected between October 1991 and October 
1994. The low frequency of exceedances by detected concentrations (2 percent) suggests 
that potential adverse effects may not be widely distributed. 

The silver screening ESL is hardness dependant and was calculated after CDPHE (2005a) 
using an estimated hardness of 100. Site specific hardness in SW AEU was determined to 
be 204 (Attachment 5); and a refined ESL based on this site-specific hardness is 
0.001 1 mg/L. The MDC for silver (dissolved) still exceeds this refined ESL (HQ=30), 
but the refined ESL-HQs for UCL and UTL EPCs from the comprehensive surface water 
data set were < 1 and 2, respectively (Table 5.7). An acute surface water benchmark 
value of 0.0069 mg/L was considered the AT value. AT-HQs for UCL and UTL EPCs 
were <1 in both cases. These HQ values indicate a low risk potential attributable to silver. , 

Silver was detected in only 5 percent of the samples indicating a minimal spatial extent. 
The concentration distribution is provided in Figure 5.47. All of the detected values occur 
below the AT with one exception. The average concentration was less than the ESL and 
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AT values, and the UTL was greater than the ESL, but less than the AT value. The 
magnitude and frequency of HQ values for the data set based on the Refined ESL are 
presented in Table 5.1 1. Of the detected concentrations that exceeded the refined ESL, 
HQs were predominantly less than 10 (90 percent), with only 2 detected values having 
HQs greater than 10. Additionally, these exceedances of detected samples represent only 
2 percent of the data set (22 of 1,286); therefore, this indicates that silver (dissolved) 
concentrations pose low risk to aquatic populations within the SW AEU. 

The spatial distribution of concentrations of silver relative to the site-specific ESL is 
shown in Figure 2.101. Seven locations within the channel and two locations within the 
ponds have measured values of silver greater than the ESL. The remaining sample results 
within the aquatic habitat areas were at nondetected levels. One location outside the 
aquatic habitat areas and within the IA overlapping portion of the AEU had measured 
values greater than the ESL. The seven locations with measured values greater than the 
ESL represent approximately 14 percent of the data within the true aquatic habitat areas. 
The remaining 86 percent occur below the ESL or were nondetects. Because exceedances 
occurred within the aquatic habitat areas, potential risk from silver cannot be excluded 
based on this LOE. 

Refined ESL-HQs for the MDC, UCL, and UTL EPCs from the post-1999 surface water 
data set were all <I (Table 5.8). This suggests that silver is not a potential risk to aquatic 
populations under the current conditions. 

Potential risk to aquatic life in the SW AEU from silver cannot be excluded based on the 
spatial distribution of exceedances (i.e., some exceedances occurred within habitat areas); 
however, all three other LOEs support a conclusion of no or low risk. Specifically, there 
was a low frequency (2 percent) and magnitude of detected exceedances, the UCL EPC 
was lower than both the refined ESL and AT values and the UTL EPC was lower than the 
AT value and minimally exceeded the refined ESL (HQ = 2), and the MDC, UCL, and 
UTL EPCs for the post-1999 data set were all below ESL and AT values. These results 
indicate there is no or low potential for adverse effects to aquatic life attributable to this 
ECOPC. 

4,4’-DDT 

The MDC for 4,4’-DDT in SW AEU surface water (0.58 pg/L) exceeded the screening 
ESL (0.001 mg/L). All 5 detected samples from SW surface waters exceeded the 
screening ESL for 4,4’-DDT. These samples were collected between September 1991 and 
April 1995. The low frequency of exceedances by detected concentrations (7 percent) 
suggests that potential adverse effects may not be widely distributed. 

The screening ESL for 4,4’-DDT was derived from CDPHE (2005a). Alternative 
screening benchmarks presented in MacDonald et al. (1999) ranged from 0.001 pg/L for 
the NAWQC (USPEA 1998) to 10 pg/L in Europe (CEC 1988). ESL-HQs for UCL and 
UTL EPCs from the comprehensive surface water data set were 81 and 150, respectively 
(Table 5.7). The AT for 4,4’-DDT is the acute water quality criterion (0.55 pg/L). AT 
HQs for UCL and UTL EPCs were < 1. Exceedances of the ESL but not the AT suggests 
that the potential for risk from 4,4’-DDT in surface water at SW AEU is low. 

0 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A ,  Volume 15B2 
Aquatic Exposure Units 

4,4’-DDT was detected in 7 percent of samples. The concentration distribution is 
provided in Figure 5.48. As depicted in this figure, the ESL is lower than all reported 
values, representing both detected and nondetected concentrations value. Nondetected 
concentrations greater than the ESL indicates inadequately low detection limits and 
contributes to uncertainty regarding the potential for risk; however, the low frequency of 
detected exceedances suggests there is not likely an unacceptable potential for adverse 
effects from 4,4’-DDT. The UTL and all reported concentrations occur below the AT 
with one exception. In addition, HQs were >10 for all reported values, although 67 
(93 percent) were below detection limits (Table 5.11). The low frequency of exceedances 
by detected concentrations supports a conclusion of no to low risk from 4,4’-DDT in 
surface water to aquatic populations within the SW AEU. 

The spatial distribution of 4,4’-DDT relative to the ESL is shown in Figure 2.102. Three 
locations within channel and pond habitat areas had measured concentrations greater than 
the ESL. The remaining sample results within the aquatic habitat areas were below 
detection. One location outside the aquatic habitat areas, and within the IA overlapping 
portion of the AEU had measured values greater than the ESL. This spatial extent of 4,4’- 
DDT detected exceedances does not indicate a potential for risk to aquatic populations 
within the SW M U .  

ESLHQs for post-1999 surface water data set could not be calculated due to the lack of 
available data (Table 5.8). 

Results for the available chemical LOEs for 4,4’-DDT indicate that the potential for risk 
to aquatic populations from 4,4’-DDT is low. 

There was a low frequency of detection, low frequency of ESL exceedances, relatively 
low magnitude of exceedances, and minimal spatial extent of elevated concentrations of 
4,4’-DDT within aquatic habitat areas. There is uncertainty regarding the potential for 
risk conclusion due to inadequate detection limits driving ESL exceedances based 
nondetected concentrations. However, the weight-of evidence conclusion is that there is a 
low potential for adverse effects to aquatic life from 4,4’-DDT in surface water at 
sw AEU. 

Sediment ECOPCs 
Aluminum 

The MDC for aluminum in SW AEU sediment (29,000 mgkg) exceeded the screening 
ESL (15,900 mgkg) (Table 5.9). A total of 21 of 126 samples from SW sediments 
exceeded the screening ESL for aluminum. All samples were detected. These samples 
were collected between July 1991 and March 2005. The relatively low frequency of 
exceedances (17 percent) suggests that potential adverse effects may not be widely 
distributed . 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were < 1 
for the UCL and slightly over 1 for the UTL (Table 5.9). The AT for aluminum is the 
ERM value of 58,000 of Ingersoll et al. (1996), representative of a median effect level for 
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benthic invertebrates (Attachment 5). AT HQs for the UCL and UTL EPCs as well as the 
MDC were < 1.  

Aluminum was detected in all samples. The concentration distribution is provided in 
Figure 5.49. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 21 of 126 
samples (17 percent) (Table 5.1 1). Additionally, HQs for all 21 samples that exceeded the 
ESL were between 1 and 5. Given the low frequency and magnitude of exceedance there 
is a low potential for risk from sediment aluminum to aquatic populations within the 
sw mu. 
The spatial distribution of aluminum concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.117. As shown within this figure, there were several locations 
within Pond B-4 (3 locations), B-5 (6 locations) and A-5 (2 locations) with measured 
concentrations greater than the ESL. The remaining locations within the ponds and 
channels with true aquatic habitat had levels less than the ESL. The results identify a 
concentration of aluminum within habitat areas (Ponds B-4, B-5 and A-5) that requires 
further evaluation. The results presented within this Figure represent the findings from all 
sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for theOB-series ponds (Figure A8.3 1) indicated aluminum was detected 
at concentrations greater than the ESL at locations within ponds B-4, and B-5. Therefore, 
the results indicate the need for further evaluation which is provided below and within 
Attachment 8. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of aluminum in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicates that 
the MDC (29,000 mgkg) is greater than the ESL but lower than the AT. In addition, 
further analysis of the surface sediment results indicate that aluminum is not statistically 
different from background (Attachment 6). Therefore, the risk attributable to aluminum 
in surface sediment would be no greater than the risk associated with background 
settings. 

The adjacent surface soil results included 295 samples for aluminum, all detected, with 
an MDC of 61,000 mg/kg. The MDC exceeded the ESL and the AT. 

Aluminum was detected in surface water and was eliminated from the surface water 
ECOPC process due to being statistically similar to background. 

I 

Aluminum was identified as an ECOPC for the pond-specific evaluations of Pond B-4. 
Results of the pond surface sediment risk analysis identified the surface sediment HQ for 
the ESL is 2, which is within the HQ range of uncertainty where adverse effects are 
unknown. In addition, review of the data on a point by point basis indicated that each 
measured aluminum result was less than the AT value. Within Pond B-4, four of six 
locations had measured values greater than the ESL (but less than the AT), the remaining 
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were less than the ESL. Because the measured concentrations fall below these AT values, 
the likelihood for risk attributable to aluminum is low. 

Results for the available chemical LOEs for aluminum indicates that UCL and EPCs do 
not exceed the ESL, there is a very low frequency and magnitude of exceedances (i-e., 
only 17 percent of samples exceeded the refined ESL, and the all HQs were < 5). Upon 
review of pond-specific spatial conditions it was determined that there was a minimal 
Occurrence of exceedances within aquatic habitat areas. Additionally, the MDC EPCs for 
the surface sediment data set do not exceed the AT. Aluminum is an almost universally- 
present constituent of background soils. Therefore, the weight-of evidence conclusion is 
that there is no or low potential for adverse effects to aquatic life attributable to this 
ECOPC. 

An ti mon y 

The MDC for antimony in SW AEU sediments (26 mg/kg) exceeded the screening ESL 
(2 mg/kg) (Table 5.3). A total of 13 detected samples (27 detected of 118 samples) from 
SW sediments exceeded the screening ESL for antimony. These samples were collected 
between July 1991 and March 2005. The low frequency of exceedances by detected 
concentrations (1 1 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were > 1 in 
both cases (Table 5.9). The AT for antimony is the 3.2 mgkg, a screening-level criterion 
(NYSDEC 1994) (Attachment 5). AT HQs for UCL and UTL EPCs were also > 1 as was 
the AT HQ for the MDC. Low level risk from sediment antimony can not be excluded 
from this drainage on the basis of chemistry. 

Antimony was detected in only 26 percent of the samples. The concentration distribution 
is provided in Figure 5.50. As depicted in this figure, the UTL and average falls above 
the ESL value, as does the majority of the data. Specifically, the frequency of exceedance 
for the ESL was 13 of 11 8 samples (1 1 percent) (Table 5.11). Given the low frequency 
but medium magnitude of exceedance (Table 5.1 1) there is a potential for risk from 
antimony to aquatic populations within the SW AEU on a strictly chemical basis. 

The spatial distribution of antimony concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.1 18. As shown within this Figure, there were several locations 
within the channel, and two locations within Pond B-4 with measured values greater than 
the ESL. The majority of the measured concentrations greater than the ESL were located 
within a storm channel and not within aquatic habitat areas. The remaining locations had 
values either below the ESL or at nondetect levels. This spatial extent of antimony does 
not indicate a potentid for risk to benthic populations within the SW AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of antimony in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (26 mg/kg) is greater than the ESL and AT. 
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The adjacent surface soil results included 282 samples for antimony, only 67 detected, 
with an MDC of 26.5 mgkg. The MDC exceeded the ESL and AT. However, average 
soil antimony values (1.9 mg/kg) were lower than ESL and AT levels. 

0 
Antimony was detected in surface water and was eliminated from the surface water 
ECOPC process due to having an EPC (UTL) less than the ESL. In addition, this 
chemical was not identified as an ECOPC for the pond-specific evaluations of ponds B-4 
and B-5 (Attachment 8) indicating that antimony does not pose a risk concern to isolated 
habitat areas. 

Results for the available chemical LOEs for antimony indicate that UCL and UTL EPCs 
do not exceed the ESL, but there is a relatively low frequency of exceedances (i.e., only 
1 1  percent of samples exceeded the ESL). However, some HQs exceeded 10. Antimony 
had minimal occurrence of exceedances within aquatic habitat areas. Therefore, the 
weight-of evidence conclusion is that there remains a low but uncertain potential for 
adverse effects to aquatic life attributable to this ECOPC on the basis of chemical 
exposure, alone. 

Barium 

The MDC for barium in SW AEU sediments (240 mgkg) exceeded the screening ESL 
(189 mgkg). A total of 1 1  samples from SW sediments exceeded the screening ESL for 
barium. These samples were collected between July 1991 and March 2004. The relatively 
low frequency of exceedances by detected concentrations (9 percent) suggests that 
potential adverse effects may not be widely distributed. 0 '  
ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <1 or 
1, respectively (Table 5.9). The AT for barium is 287, an average toxicity value from 
MacDonald et al. (1999) (Attachment 5).AT HQs for UCL and UTL EPCs as well as the 
MDC were -= 1. 

Barium was detected in all of the samples. The concentration distribution is provided in 
Figure 5.51. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 11 of 126 
(9 percent) (Table 5.1 1). Additionally, HQs for all 11 samples that exceeded the ESL 
were between 1 and 5. Given the low frequency and magnitude of exceedance there is a 
low potential for risk from barium to aquatic populations within the SW AEU. 

The spatial distribution of barium concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.1 19. As shown within this figure, there were several locations within 
Pond B-4 (4 locations), B-5 (2 locations) and one within A-5 with measured 
concentrations greater than the ESL. The remaining locations within the ponds and 
channels with true aquatic habitat had levels less than the ESL. The results identify a 
concentration of barium within habitat areas (ponds B-4, B-5 and A-5) that requires 
further evaluation. The results presented within this Figure represent the findings from all 
sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for the B-series ponds (Figure A8.33) indicated barium was detected at 
concentrations greater than the ESL at locations within Pond B-4. The measured values 0 
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within B-5 and A-5 were less than the ESL. Results indicate that the spatial extent of 
barium in surface sediment is limited. This spatial extent of barium does not indicate a 
potential for risk to benthic populations within the SW AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of aluminum in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations of barium for all of the SW AEU 
indicate that the MDC (220 mg/kg) is greater than the ESL but less than the AT. In 
addition, further analysis of the surface sediment results indicate that barium is not 
statistically different from background (Attachment 6). Therefore, the risk attributable to 
barium in surface sediment would be no greater than the risk associated with background 
settings. ' 

The adjacent surface soil results included 295 samples for barium, all but one detected, 
with an MDC of 350 mg/kg. The MDC exceeded the ESL and AT. 

Barium was detected in surface water and was eliminated from the surface water ECOPC 
process due to having an EPC (UTL) less than the ESL. In addition, this chemical was 
not identified as an ECOPC for the pond-specific evaluations of ponds B-4 and B-5 
(Attachment 8) indicating that barium does not pose a risk concern to isolated habitat 
areas. 

Results for the available chemical LOEs for barium indicates that UCL and UTL EPCs 
do not exceed the ESL, there is a low frequency and magnitude of exceedances @e., only 
9 percent of samples exceeded the ESL and the all HQs were < 5). Barium had minimal 
occurrence of exceedances within aquatic habitat areas. Additionally, the MDC EPCs for 
the surface sediment data set do not exceed the AT. Therefore, the weight-of evidence 
conclusion is that there is no or low potential for adverse effects to aquatic life, 
attributable to this ECOPC. 

Cadmium 

The MDC for cadmium in SW AEU sediments (44 mgkg) exceeded the screening ESL 
(0.99 mgkg). A total of 23 detected samples (62 detected of 126 samples) from SW 
sediments exceeded the screening ESL for cadmium. These samples were collected 
between July 1991 and March 2004. The low-frequency of exceedances by detected 
concentrations (1 8 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <1 
and 1 for both the UTL and UCL respectively (Table 5.9). The AT for cadmium is a 
consensus-based, probably effects concentration (PEC) of 4.98 mgkg (MacDonald et al. 
2000a) (Attachment 5) AT HQs for UCL and UTL EPCs were both < 1. 

Cadmium was detected in 49 percent of the samples. The concentration distribution is 
provided in Figure 5.52. As depicted in this figure, the average falls above the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
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was 23 of 126 (18 percent) (Table 5.1 1). Additionally, HQs for 21 of samples that 
exceeded the ESL were between 1 and 5, while 2'were higher than 5. Given the relatively 
low frequency and magnitude of exceedance there is a low potential for risk from barium 
to aquatic populations within the SW AEU. 

The spatial distribution of cadmium concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.120. As shown within this Figure, there were four locations 
within Pond B-4 and two locations within the channel with measured values greater than 
the ESL. The remaining locations had values either below the ESL or at nondetect levels. 
The results identify a concentration of cadmium within habitat areas (Pond B-4) that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for Pond B-4 (Figure A8.34) indicated cadmium was detected at 
concentrations greater than the ESL at three locations within Pond B-4. The results 
indicate the need for further evaluation which is provided below and within Attachment 
8. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of cadmium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (6 mgkg) is greater than the ESL and AT. 

The adjacent surface soil results included 295 samples for cadmium, 112 detected, with 
an MDC of 36 mgkg. The MDC exceeded both the ESL and the AT. 

Cadmium (dissolved) was identified as an ECOPC for surface water. Results of the risk 
analysis identified the MDC for cadmium (dissolved) still exceeded the refined ESL, but 
with a low magnitude HQ . ESL-HQs for UCL and UTL EPCs from the comprehensive 
surface water data set were also low. The AT for cadmium is the acute water quality 
criterion. This site-specific, hardness adjusted AT value is 0.0092 mg/L. AT-HQ values 
for UCL and UTL EPCs were both <I. These ESL and AT HQ values indicate no or low 
risk potential attributable to cadmium. 

Cadmium was identified as an ECOPC for the pond-specific evaluations of Pond B-4. 
Results of the pond evaluation identified the surface sediment HQ for the ESL is 2, while 
the HQ for the AT is <1. Review of the data on a point by point basis indicated that each 
measured cadmium result was less than the AT value. Within Pond B-4, three of six 
locations had measured values greater than the ESL (but less than the AT), the remaining 
were less than the ESL. Because the measured concentrations fall below these AT values, 
the likelihood for risk attributable to cadmium is low. 

Results for the available chemical LOEs for cadmium indicates that UCL and UTL EPCs 
slightly exceed the ESL, there is a low frequency and magnitude of exceedances (i.e., 
only 18 percent of samples exceeded the ESL, and the all except two HQs were < 5). 
Cadmium had minimal Occurrence of exceedances within aquatic habitat areas. 
Additionally, the EPCs for the surface sediment data set do not exceed the AT. Therefore, 
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the weight-of evidence conclusion is that there is low potential for adverse effects to 
aquatic life attributable to this ECOPC from chemistry, alone. 

Covver 

The MDC for copper in SW AEU sediments (324 mg/kg) exceeded the screening ESL 
(31.6 mgkg). A total of 11 samples (120 detected of 126 samples) from SW sediments 
exceeded the screening ESL for copper. These samples were collected between July 1991 
and March 2004. The low frequency of exceedances by detected concentrations 
(9 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were 1 for 
both the UCL and the UTL (Table 5.9). The AT for copper is a PEC value of 149 mgkg 
(MacDonald et al. 2000a) (Attachment 5). AT HQs for UCL and UTL were < 1 and the 
MDC HQ was only marginally greater than 1. 

Copper was detected in 95 percent of the samples. The concentration distribution is 
provided in Figure 5.53. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 11 of 126 (9 percent) (Table 5.1 1). Additionally, HQs for 10 of the detected samples 
were between 1 and 5 and only 1 was greater than 10. Given the low frequency and 
magnitude of exceedance there is a low potential for risk from copper to aquatic 
populations within the SW AEU. 

The spatial distribution of copper concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.121. As shown within this figure, there were three locations within 
Pond B-4 and three locations within the channel with measured values greater than the 
ESL. The remaining locations had values below the ESL. The results identify a 
concentration of copper within habitat areas (Pond B-4) that requires further evaluation. 
The results presented within this figure represent the findings from all sediment analysis 
(all depth fractions). Further analysis of the spatial extent within surface sediment for 
Pond B-4 (Figure A8.36) indicated copper was detected at concentrations greater than the 
ESL at one location within Pond B-4. This spatial extent of copper does not indicate a 
potential for risk to benthic populations within the SW AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of copper in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (324 mg/kg) is greater than the ESL and AT, and the arithmetic average 
(20.2 mg/kg) is less than the ESL and AT (Attachment 6). 

The adjacent surface soil results included 295 samples for copper, all detected, with an 
MDC of 270 mgkg. The MDC exceeded both the ESL and the AT. 

Copper was detected in surface water and was eliminated from the surface water ECOPC 
process due to being statistically similar to background. In addition, this chemical was 
not identified as an ECOPC for the pond-specific evaluations of ponds B-4 and B-5 
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(Attachment 8) indicating that copper does not pose a risk concern to isolated habitat '0 areas. 

Results for the available chemical LOEs for copper indicates that the UCL EPC does not 
exceed the ESL, and there is a very low frequency and magnitude of exceedances (i.e., 
only 9 percent of samples exceeded the ESL and almost all HQs were < 5). Copper had 
minimal occurrence of exceedances within aquatic habitat areas. However, the MDC for 
the surface sediment data exceeds the ESL and AT. Therefore, the weight-of evidence 
conclusion is that there remains a low potential for adverse effects to aquatic life 
attributable to this ECOPC from chemical effects alone. 

Fluoride 

The MDC for fluoride in SW AEU sediments (9.3 mgkg) exceeded the screening ESL 
(0.01 mgkg). All detected samples (8 detected of 16 samples) from SW sediments 
exceeded the screening ESL. These samples were collected between July 1991 and 
March 2004. The high frequency of exceedances by detected (and all nondetected) 
concentrations suggests that potential adverse effects can not be excluded. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were >1 in 
both cases (Table 5.9). The AT for fluoride is 7 mg/kg is a Toxic Effect Threshold (TET) 
at 1 percent OC (Boton et al. 1985) (Attachment 5). AT HQ for the UCL EPC was < 1 
and the AT HQ for the UTL and MDC was < 2. 

Fluoride was detected in 50 percent of the samples. The concentration distribution is 
provided in Figure 5.54. As depicted in this figure, all data are above the ESL. The 
frequency of exceedance for the ESL was 50 percent (Table 5.1 1). Additionally, HQs for 
all 8 detected samples that exceeded the ESL were > 10. Given the high frequency and 
magnitude of exceedance, there remains a potential for risk from fluoride to aquatic 
populations within the SW AEU. 

0 

The spatial distribution of fluoride concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.122. As shown within this figure, the spatial distribution of fluoride 
occurs within the channel and at locations within the IA overlapping portion of the AEU 
at concentrations greater than the ESL and at nondetect levels. There were three locations 
within the channel with concentrations greater than the ESL. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of fluoride in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicates that 
the MDC (9 mgkg) is greater than the ESL and the AT, but the arithmetic average 
(3.3 mgkg) is less than the AT (Attachment 6). 

The adjacent surface soil results included 9 samples for fluoride, all detected, with an 
MDC of 3.61 mg/kg. The MDC exceeded both the ESL but not the AT. Average soil 
fluoride values (2.41 mgkg) were lower than AT levels, as well. 
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Fluoride was detected in surface water, and was eliminated from the surface water 
ECOPC process due to having an EPC (UTL) less than the ESL. 

Results for the available chemical LOEs for fluoride indicates that UCL and UTL EPCs 
exceed the ESL and AT and the all ESL HQs were > 10. Fluoride had minimal 
occurrence of exceedances within aquatic habitat areas. Therefore, the weight-of 
evidence conclusion, based on ambient chemistry alone, is that there is low but uncertain 
potential for adverse effects to aqu.atic life attributable to this ECOPC. 

The MDC for lead in SW AEU sediments (170 mgkg) exceeded the screening ESL 
(35.8 mgkg). All detected samples (28 of 126 samples) from SW sediments exceeded the 
screening ESL for lead. These samples were collected between July 1991 and 
March 2004. The relatively low frequency of exceedances by detected concentrations 
(22 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQ for UCL EPC from the comprehensive sediment data set was < 1 and UTL was 
2 (Table 5.9). The AT for lead is a PEC of 128 mgkg (MacDonald et a1 2000a) 
(Attachment 5). AT HQs for UCL and UTL EPCs were < 1 and the AT HQ for the MDC 
was < 2. 

Lead was detected in all of the samples. The concentration distribution is provided in 
Figure 5.55. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 28 of 126 
(22 percent) (Table 5.1 1). Additionally, HQs for all detected samples that exceeded the 
refined ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from lead to aquatic populations within the 
sw AEU. 

The spatial distribution of lead concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.123. As shown within this figure, three locations within Pond B-4, one 
location within Pond B-5, and several locations within the channel had measured values 
of lead greater than the ESL. The remaining locations had values below the ESL. The 
results identify a concentration of lead within habitat areas (Pond B-4 and B-5) that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for Pond B-4 (Figure A8.38) indicated lead was detected at 
concentrations greater than the ESL at one location within Pond B-4. This spatial extent 
of lead does not indicate a potential for risk to benthic populations within the SW AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of lead in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (170 mgkg) is greater than the ESL and AT, but the arithmetic average 
(28.5 mgkg) is less than both the ESL and AT (Attachment 6). This indicates that 
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realistic exposure conditions are within the uncertain toxicity range but comparable to the 
ESL, indicating a low risk to aquatic populations. 

The adjacent surface soil results included 295 samples for lead, all detected, with an 
MDC of 426 m a g .  The MDC exceeded both the ESL and AT. 

Lead was detected in surface water and was eliminated from the surface water ECOPC 
process due to having an EPC (UTL) less than the ESL. In addition, this chemical was 
not identified as an ECOPC for the pond-specific evaluations of ponds B-4 and B-5 
(Attachment 8) indicating that lead does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for lead indicates that the UCL EPC does not 
exceed the ESL and there is a relatively low frequency and magnitude of exceedances 
(i.e., only 22 percent of samples exceeded the ESL and all HQs were < 5). Lead had 
minimal occurrence of exceedances within aquatic habitat areas. However, the MDC for 
the surface sediment data set exceeded the ESL and AT. Therefore, the weight-of 
evidence conclusion is that there is a low and uncertain potential for adverse effects to 
aquatic life attributable to this ECOPC. 

Silver 

The MDC for silver in SW AEU sediments exceeded the screening ESL (1 m a g ) .  A 
total of 24 samples (32 detected of 124 samples) from SW sediments exceeded the 
screening ESL for silver. These samples were collected between July 1991 and March 
2004. The relatively low frequency of exceedances by detected concentrations 
(19 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQs for the UCL and UTL from the comprehensive sediment data set were 184 and 
7 respectively (Table 5.9). The AT for silver is a TNRCC reservoir guideline, 
distribution-based, of 1.6 mgkg (TNRCC 1996 reported in MacDonald et al. 1999) 
(Attachment S).The AT HQ for the UCL was 2 and the AT HQ for the UTL was 1. 

Silver was detected in 26 percent of the samples. The concentration distribution is 
provided in Figure 5.56. As depicted in this figure, the average falls above the ESL value. 
The frequency of exceedance for the ESL was 24 of 124 (19 percent) (Table 5.1 1). 
Additionally, HQs for 15 of the 24 detected samples were between 1 and 5, with 7 over 
10. Given the low frequency but elevated level of exceedance there remains a low 
potential for risk from silver to aquatic populations within the SW AEU. 

The spatial distribution of silver concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.124. As shown within this Figure, five locations within Pond B-4, two 
locations within Pond B-5, one location within Pond A-5, and three locations within the 
channel had measured values of silver greater than the ESL. The remaining locations had 
values below the ESL. The results identify a concentration of silver within habitat areas 
that requires further evaluation. The results presented withimthis Figure represent the 
findings from all sediment analysis (all depth fractions). Further analysis of the spatial 
extent within surface sediment for Pond B-4 (Figure A8.42) indicated silver was detected 
at concentrations greater than the ESL at three locations within Pond B-4. This spatial 
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The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of silver in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (102 mgkg) is greater than the ESL and AT, and the arithmetic average is also 
greater than the ESL and AT (Attachment 6). 

The adjacent surface soil results included 293 samples for silver, 87 detected, with an 
MDC of 52.7 mgkg. The MDC exceeds the ESL or AT. 

Silver was identified as an ECOPC for surface water. Further analysis from the risk 
characterization determine that silver was detected in only 5 percent of the samples 
indicating a minimal spatial extent. The UTL was .greater than the ESL, but less than the 
AT value. Of the detected concentrations that exceeded the refined ESL, HQs were 
predominantly less than 10.(90 percent), with only 2 detected values having HQs greater 
than 10. Additionally, these exceedances of detected samples represent only 2 percent of 
the data set (21 of 1276); therefore, this indicates that silver (dissolved) concentrations 
pose low risk to aquatic populations within the SW M U .  

Silver was identified as an ECOPC for the pond-specific evaluations of Pond B-4. Results 
indicate silver had a frequency of detection of 50 percent (detected in 11 of 22 samples). 
The surface sediment HQ for the ESL is 3, while the HQ for the AT is 2. Review of the 
data on a point by point basis indicated that the measured silver results were at or below 
the AT value. Within Pond B-4, four of six locations had measured values greater than 
the ESL (but less than the AT), the remaining were at nondetect levels. Because the 
measured concentrations fall below these AT values, the likelihood for risk attributable to 
silver is low. 

Results for the available chemical LOEs for silver indicates that UCL and UTL EPCs 
both exceed the ESL, there is a very low frequency and magnitude of exceedances (i.e., 
only 19 percent of samples exceeded the ESL and most of the HQs were < 5). Silver had 
minimal Occurrence of exceedances within aquatic habitat areas. The MDC for the 
surface sediment data exceeded ESL and AT benchmarks. Therefore, the weight-of 
evidence conclusion is that the low and uncertain potential for adverse effects to aquatic 
life remain attributable to this ECOPC. 

- Zinc 

The MDC for zinc in SW AEU sediments (888 mg/kg) exceeded the screening ESL 
(121 mgkg). A total of 60 samples (all detected of 126 detected) from SW sediments 
exceeded the screening ESL for zinc. These samples were collected between July 1991 
and March 2004. The relatively elevated frequency of exceedances by detected 
concentrations (48 percent) suggests that adverse effects can not be excluded. 
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ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were > 1 in 
both cases (Table 5.9). The AT for zinc is a consensus-based PEC of 459 mgkg 
(MacDonald et al. 2000a) (Attachment 5). AT HQs for UCL and UTL EPCs were < 1 and 
1 respectively and the AT HQ for the MDC was 2. 

Zinc was detected in all samples. The concentration distribution is provided in 
Figure 5.57. As depicted in this figure, the average falls above the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 60 of 126 
(48 percent) (Table 5.11). Additionally, HQs for 54 of the detected samples that exceeded 
the ESL were between 1 and 5, with only 6 between 5 and 10. Given the medium 
frequency and magnitude of exceedance there is a small potential for risk from zinc to 
aquatic populations within the SW AEU. 

The spatial distribution of zinc concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.125. As shown within this figure, there were seven locations within 
Pond B-4, four locations within Pond B-5, one location within Pond A-5, and several 
locations within the channel with measured concentrations greater than the ESL. The 
results identify a concentration of zinc within habitat areas that requires further 
evaluation. The results presented within this figure represent the findings from all 
sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for the B-series ponds (Figure A8.43) indicated zinc was detected at 
concentrations greater than the ESL at six locations within Pond B-4. All measured 
concentrations in Pond B-5 were less than the ESL. Therefore, the results shown within 
Figure 2.125 demonstrate that the results exceeding the ESL are at subsurface (greater 
than 1 ft). This spatial extent of zinc does indicate the need for further evaluation of 
Pond B-4 surface sediment risk conditions. Results are described below as well as within 
Attachment 8. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of zinc in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the SW AEU indicate that the 
MDC (888 mgkg) is greater than the ESL and AT, and the arithmetic average 
(166 mg/kg) is less than the AT (Attachment 6). 

0 

The adjacent surface soil results included 295 samples for zinc, 292 detected, with an 
MDC of 11,900 mgkg. The MDC exceeds the ESL and AT. However, average soil zinc 
values (153 mgkg) were slightly higher than the ESL and lower than AT levels. 

Zinc was detected in surface water and was eliminated from the surface water ECOPC 
process due to being statistically similar to background. 

Zinc was identified as an ECOPC for the pond-specific evaluations of ponds B-4 and B- 
5. Results of the Pond B-4 risk characterization determined the surface sediment HQ for 
the ESL is 4, while the HQ for the AT is <I. In addition, the MDC for zinc was within 
the range of background conditions. The combined lines of evidence indicate that the risk 
attributable to zinc is low and within the range of background. Results of the Pond B-5 0 
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analysis indicated the surface sediment HQ for the ESL is 2, while the HQ for the AT is 
<1. The MDC for zinc was within the range of background conditions. The combined 
lines of evidence indicate that the risk attributable to zinc is low and within the range of 
background. 

Results for the available chemical LOEs for zinc indicate that the UCL and UTL EPCs 
exceed the ESL and there is a medium frequency and magnitude of exceedances (with 
some HQs > 5). Zinc had minimal Occurrence of exceedances within aquatic habitat 
areas. Therefore, the weight-of evidence conclusion is that there is a small potential for 
adverse effects to aquatic life attributable to this ECOPC based on chemistry, alone. 

Bromomet h ane 

The MDC for bromomethane in SW AEU sediment (5 pgkg) exceeded the screening 
ESL (3.43 pgkg). The UTL-EPC from the comprehensive sediment data set also drove 
an ESL-HQ > 1, whereas a UCL was <I (Table 5.9). The AT for bromomethane is 62.72 
pgkg, a calculated EqP benchmark based on the acute surface water criteria (EPA 
1997b). All AT-HQs were < 1. The lack of AT exceedances by EPCs suggests that 
bromomethane in sediment at SW AEU occur within the range of uncertain toxicity 
where the potential for adverse effects is possible. 

The concentration distribution for bromomethane is provided in Figure 5.66. As depicted 
in this figure, the ESL is lower than most reported values, which include both detected 
and nondetected concentrations. Nondetected concentrations greater than the ESL 
indicate inadequately low detection limits and contributes to uncertainty regarding the 
potential for risk. An evaluation of the uncertainty associated with the detection limits is 
provided in Section 6. Only one detected sample exceeded the screening ESL 
(Table 5.1 1). This sample was collected in January 2001 and had an HQ of 2. Fifty-seven 
nondetected concentrations also exceeded the ESL. The low frequency of exceedances by 
detected concentrations (1 percent) suggests there is a low potential for risk from detected 
bromomethane to benthic populations within the SW M U .  

The spatial distribution of bromomethane relative to the ESL is shown in Figure 2.136. 
The results indicate that all sample measurements within true aquatic habitat settings 
were at nondetect levels. This spatial evaluation of exceedances does not indicate a 
potential for risk to benthic populations within the SW AEU. 

MDC-HQs were unchanged in the surface sediment data set (Table 5.10). The low 
magnitude ESL-HQ and lack of an AT exceedance suggests that the potential for risks to 
benthic populations within the SW AEU is unlikely. 

Bromomethane was below detection limits in all soil samples collected adjacent to South 
Walnut Creek (Attachment 6). Therefore, the potential contribution of bromomethane in 
surface soils to SW AEU sediment is uncertain. 

Bromomethane was not detected in surface water. In addition, this chemical was not 
identified as an ECOPC for the pond-specific evaluations of ponds B-4 and B-5 
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(Attachment 8) indicating that bromomethane does not pose a risk concern to isolated 
habitat areas. 

Chemical toxicity comparisons to sediment samples found a low magnitude of ESL and 
AT exceedances, a low frequency of these exceedances, and lack of AT exceedances 
from the single detected concentration greater than the ESL. In addition, there was a 
minimal spatial extent of elevated concentrations of bromomethane within aquatic habitat 
areas. There is also uncertainty regarding the potential for risk conclusion due to 
inadequate detection limits driving ESL exceedances based nondetected concentrations. 
The weight-of evidence conclusion for chemical LOEs is that there is a no-to-low 
potential for risk to benthic populations from bromomethane in sediment at SW AEU. 

Carbazole 

The MDC for carbazole in SW AEU sediment (290 pgkg) exceeded the screening ESL 
(25.2 pg/kg). UCL and UTL-EPCs from the comprehensive sediment data set also drove 
ESL-HQs > 1 (Table 5.9). The AT for carbazole is 1,600 pgkg, a Washington State 
Sediment Quality Guideline (Cubbage et al. 1997). All AT-HQs were < 1. The lack of 
AT exceedances by EPCs suggests that carbazole in sediment at SW AEU occur within 
the range of uncertain toxicity where the potential for adverse effects is possible. 

The concentration distribution for carbazole is provided in Figure 5.67. As depicted in 
this figure, the ESL is lower than most reported values, which include both detected and 
nondetected concentrations. Nondetected concentrations greater than the ESL indicate 
inadequately low detection limits and contributes to uncertainty regarding the potential 
for risk. An evaluation of the uncertainty associated with the detection limits is provided 
in Section 6. A total of 5 detected samples exceeded the screening ESL (Table 5.1 1). 
These samples were collected in February 1995. Detected exceedances had HQs ranging 
from 1 to 12. All nondetected concentrations also exceeded the ESL. The potential for 
risk from carbazole to benthic populations within the SW AEU could not be excluded due 
to this moderate frequency of ESL exceedances by detected concentrations (3 1 percent). 

The spatial distribution of carbazole relative to the ESL is shown in Figure 2.137. The 
results indicate that there was one location with a measured concentration greater than the 
ESL in the channel area. The remaining results were either less than the ESL or at 
nondetect levels. This spatial evaluation of exceedances does 'not indicate a potential for 
risk to benthic populations within the SW AEU. 

MDC-HQs were unchanged in the surface sediment data set (Table 5.10). The lack of an 
AT exceedance by the MDC contributes to the uncertain potential for risks to benthic 
populations within the SW AEU. 

Carbazole was not analyzed in any soil samples collected adjacent to South Walnut Creek 
(Attachment 6). Therefore, the potential contribution of bromomethane in surface soils to 
SW AEU sediment is not known. 
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Carbazole was not detected in surface water. In addition, this chemical was not identified 
as an ECOPC for the pond-specific evaluations (Attachment 8) indicating that carbazole 
does not pose a risk concern to isolated habitat areas. 

Chemical toxicity comparisons to sediment samples found a moderate frequency and 
magnitude of ESL exceedances, although the EPCs did not exceed the AT benchmark 
and the potential for toxicity is uncertain. In addition, there was minimal spatial extent of 
elevated concentrations of carbazole within aquatic habitat areas. There is further 
uncertainty regarding the potential for risk conclusion due to inadequate detection limits 
driving ESL exceedances based nondetected concentrations. Therefore, the weight-of 
evidence conclusion is the potential for adverse effects to benthic populations from 
carbazole in sediment at SW AEU cannot be excluded. 

PAHs 

The MDC for total PAHs in SW AEU sediment (23,400 pgkg) exceeded the screening 
ESL (1,610 pgkg). UCL and UTL-EPCs also exceeded the ESL (Table 5.9). The AT for 
total PAHs is 22,800 pg/kg, a CB-PEC (MacDonald, et al. 2000a). The MDC was greater 
than the AT benchmark, indicating a potential for adverse effects from the sampling area 
for the highest concentration. However, the lack of AT exceedances by the UTL and 
UCL suggests that total PAHs in sediment at SW AEU occur within the.range of 
uncertain toxicity where the potential for adverse effects is possible, but not probable. 

Further analysis of maximum detected total concentrations in surface sediment (0-6 
inches) determined that the reduced MDC (15,880 pgkg) exceeded the screening ESL, 
but was less than the AT (Table 5.10). 

The number of detected concentrations exceeding the screening ESL for total PAHs is 
shown in Table 5.1 1. There was a relatively high frequency of total PAH concentrations 
exceeding the ESL (50 percent). However due to the lack of AT exceedances, and 
relatively low magnitude ESL exceedances, these chemical lines of evidence indicate that 
the risk attributable to total PAHs in SW AEU sediment cannot be excluded, but is low. 

Total PAHs were further evaluated for the surface sediment samples collected within 
Pond B-4. Concentrations from the four locations with detected PAH ranged from 360 to 
3,620 pgkg. This MDC resulted in an ESL-HQ of 2, and the AT-HQ was <1. These 
chemical LOEs support the conclusion that the potential for risk attributable to total 
PAHs in ponds is low. 

The MDCs for 13 individual PAHs (acenaphthene, anthracene, benzo[a]anthracene, 
benzo[ alpyrene, benzol g,h ,i]perylene, benzo [ k Jfluoran thene, chrysene, 
dibenz[a,h]anthracene, fluoranthene, fluorene, indeno[ 1,2,3-cd]pyrene, phenanthrene, and 
pyrene) in SW AEU sediment all exceeded their respective screening ESLs. Screening 
ESL-HQs were also > 1 for UCL and UTL-EPCs from the comprehensive sediment data 
set, and ranged from 3 to (fluoranthene) to 58 (acenaphthene) (Table 5.9). These samples 
were collected between August 1991 and July 2005. 
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AT benchmarks were mainly comprised of consensus-based PECs (MacDonald, et al. 
2000a) or other sources when CB PECs were not available: a PEL for acenaphthene 
(MacDonald et al. 1999), ERMs for benzo(g,h,i)perylene and indeno( 172,3-cd)pyrene 
(Ingersoll et al. 1996), a toxic effect threshold ('JET) concentration for 
benzo(k)fluoranthene (MENVIQEC 1992), and an effects range low (ERL) for total 
PAHs (Ingersoll, et al. 1996) used as a surrogate for dibenz(a,h)anthracene in the absence 
of any other benchmark (Attachment 5). 

UCL and UTL-EPCs for eight PAHs did not exceed the AT benchmark 
(benzo[a]anthracene, benzo[a]pyrene, chrysene, fluoranthene, fluorene, phenanthrene, 
and pyrene). Benzo(k)fluoranthene also had a UTL that exceeded the AT benchmark by a 
low magnitude (HQ =l), but the UCL did not exceed the AT. The potential for risk from 
these nine PAHs is within the range of uncertain toxicity where the potential for adverse 
effects is possible, but not probable. The final four (acenaphthene, benzo[g,h,i]perylene, 
dibenz[a,h]anthracene, and indeno[ 172,3-cd]pyrene) exceeded their ATs, but with HQs 5 
4. The potential for risk could not be excluded for these final four PAHs. 

Concentration distributions for PAHs are provided in Figures 5.58,5.59,5.62 through 
5.65, and 5.68 through 5.74. ESLs for four PAHs (acenaphthene, benzo[g,h,i]perylene, 
dibenz[a,h]anthracene, and indeno[ 172,3-cd]pyrene) are lower than almost all detected 
and nondetected concentrations (one detected concentration of dibenzo[a,h]anthracene 
was lower than the ESL). ESLs were also lower than many of the detected concentrations 
of all other PAHS. Nondetected concentrations greater than the ESL indicate inadequately 
low detection limits and contributes to uncertainty regarding the potential for risk. 0 
Surface sediment MDCs for all PAHs were not different from those in the comprehensive 
data, so MDC-HQs were unchanged (Table 5.10). UTL-EPCs were also only slightly 
lower or slightly higher for surface sediments than for the comprehensive data. These 
changes were not significant enough to change the HQs. 

The number of detected and nondetected concentrations exceeding the screening ESL is 
shown in Table 5.1 1. Ten PAHs had <20 percent of samples exceeding the ESL by 
detected concentrations. Benzo(k)fluoranthene HQs were all less than five. This low 
frequency and low magnitude of exceedances by detected concentrations suggests there is 
a low potential for risk from benzo(k)fluoranthene, dibenzo(a,h)anthracene, fluorene, and 
naphthalene to benthic populations within the SW AEU. However, there is uncertainty in 
this conclusion due to the exceedances of detection limits2 as compared to the ESL. The 
ESL exceedance frequencies for the remaining PAHs were greater than 25 percent, and 
suggest that the potential for risks from these PAHs cannot be excluded. 

The spatial distribution of individual PAHs in sediment does not generally indicate a 
potential for risk to benthic populations within the SW AEU (Figures 2.127,2.128, 1.132 
through 2.135, and 2.138 through 2.144). Total PAH calculated results for each sample 

Sample interference is common in PAH chemical analyses of sediment media, and it is difficult to achieve 
detection limits below ESLs without requesting targeted methods. 

0 
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location as compared to the ESL is provided in Figure 2.126. Although there were 
frequent exceedances for some PAHs, these samples were not clustered in small areas 
that would indicate hot-spots, and were limited within true aquatic habitat areas3. Results 
presented within the figures include all sediment depth fractions. Further analyses of 
ECOPCs in ponds‘B-4 and B-5, where individual PAHs were found to exceed ESLs, 
indicated that almost all of these detected concentrations that exceeded ESLs were from 
sub-surface sediment samples. Sediment from more than 6 inches below the surface is not 
biologically available and represents an incomplete exposure pathway to benthic 
organisms. A detailed analysis of the spatial extent within surface sediment for ponds A 
B-4 and B-5 are presented in Attachment 8, where PAHs were concluded to pose a low 
likelihood of risk to benthic macroinvertebrates. 

The potential contribution to future sediments from surface soils adjacent to South 
Walnut Creek is unlikely to reduce sediment risks in the SW AEU (Attachment 6). PAH 
concentrations in surface soils were greater than sediment ESLs for the individual PAHs. 
However, there is much uncertainty in extrapolating potential future sediment 
contamination issues based on nearby soil chemistry. The extent of surface soil 
contributions to site sediments is not known. 

Confidence in these individual PAH risk characterizations is also low when total PAHs 
do not exceed the ESL or AT. Screening ESLs for individual PAHs are derived from 
multiple sources with varying endpoints and organisms sensitivities. The consensus- 
based TEC (MacDonald et al. 2000a) used as the total PAH-ESL is a conservative 
estimate of the toxicity threshold where adverse effects are not expected to occur in most 
sediment types. There is the highest confidence in this benchmark, which is based on a 
review of several sources and has a high degree of accurately predicting the absence of 
toxicity. Likewise, the AT benchmark for total PAHs is a good predictor of when adverse 
effects are likely. The potential for adverse effects is unceitain for concentrations 
between these benchmarks. 

Total-PAHs evaluate the potential for effects for all PAHs, not only those with known 
screening benchmarks. The additive toxicity from PAHs is also addressed by total-PAH 
benchmarks. In these respects the total-PAH screen has less uncertainty than individual 
PAH SEVs. 

The weight-of evidence conclusion for chemical LOEs is that there is a low but uncertain 
potential for risk to benthic populations from PAHs in SW AEU sediment. Sediment 
concentration screening against threshold toxicity benchmarks found the magnitude of 
exceedances for PAHs were greater than 10 for some detected concentrations and for 
total PAHs; however, there was often a low frequency of these exceedances, and minimal 
spatial extent of elevated surface sediment concentrations within aquatic habitat areas. 
There is low confidence in this conclusion due to uncertainty from inadequate detection 
limits driving ESL exceedances for nondetected concentrations. 

‘True aquatic habitat areas’ include the main stream channel and ponds. Samples from ephemeral habitat, 
overland flow, and ditches are not considered representative of true habitat (Figure 1.7). 
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PCBs 

The MDC for total PCBs in SW AEU sediment (3,700 pgkg) exceeded the screening 
ESL (40 pg/kg). UCL and UTL-EPCs were 16 and 19 respectively (Table 5.9). The AT 
for total PCBs is 676 pg/kg, a CB-PEC (MacDonald et al. 2000a). The AT-HQ for the 
MDC was > 1 (5) .  This AT exceedance-by the MDC suggests that the potential for risk 
from total PCBs in sediment at SW AEU cannot be excluded. 

Further analysis of the MDC in surface sediment (Table 5.10) determined that the 
reduced MDC (220 pgkg) exceeded the screening ESL, but was less than the AT. This 
suggests that total PCBs in sediment occur within the range of uncertain toxicity. 

Total PCB concentrations within ponds were evaluated in the pond-specific assessment 
(Attachment 8). Results of the ECOPC screen identified total PCBs in Pond B-4 as 
potential risk drivers. Total PCBs in Pond B-4 had an MDC of 220 pgkg, attributable to 
Aroclor-1254. This value exceeds the total PCB ESL, but is less than the total PCB and 
results in an AT-HQ 4. The ESL was based on a consensus-based TEC (MacDonald et 
al. 2000), at which the potential for adverse effects are first observed. Validation of this 
benchmark found that 82 percent of samples (n=139) below this concentration were 
accurately predicted to be nontoxic to benthic macroinvertebrates. The potential for 
adverse effects is uncertain at concentrations greater than this ESL and below the 
consensus-based PEC (676 pgkg). Therefore, there is a low potential for total PCBs to 
pose an unacceptable risk to benthic populations in Pond B-4. 

The MDCs for individual PCBs (Aroclor-1254 and Aroclor-1260) in SW AEU sediment 
both exceeded their respective screening ESLs (60 and 5 pgkg, respectively). Screening 
ESL-HQs were also > 1 for UCL and UTL-EPCs from the comprehensive sediment data 
set, and ranged from 7 (for the UCL) to 41 (Aroclor-1260) (Table 5.9). These samples 
were collected between September 1991 and July 2005. AT benchmarks were TETs of 
300 pgkg (Aroclor-1254) and 200 pgkg (Aroclor-1260) from MacDonald, et al. (2000b) 
(Attachment 5). AT-HQs for MDCs and UTLs were > 1, while the UCL for Aroclor-1254 
was only marginally exceeded (HQ=l) and was not exceeded for Aroclor-1260. The 
potential for risk to benthic organisms from both Aroclor-1254 and -1260 are possible 
and cannot be excluded. 

Concentration distributions for Aroclor-1 254 is provided in Figure 5.94, respectively. 
The ESL for Aroclor-1260 is lower than all detected and nondetected concentrations. For 
Aroclor-1254 the ESL was lower than most concentrations. Both PCBs had few detected 
concentrations that exceeded the ESL and many nondetected values above the ESL. 
Nondetected concentrations greater than the ESL indicate inadequately low detection 
limits and contributes to uncertainty regarding the potential for risk. 

Surface sediment MDCs for Aroclor-1254 were lower than the MDCs from the 
comprehensive data, but the Aroclor-1260 MDC in surface sediment was unchanged. All 
Aroclor ESL and AT-HQs still exceeded one (Table 5.10). 
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The number of detected and nondetected PCB concentrations exceeding the screening 
ESL is shown in Table 5.1 1. Both Aroclor congeners had detected concentrations with 
HQs >lo. There was a lower frequency of detected concentrations exceeding the ESL for 
Aroclor-1260 (5 percent) than for Aroclor-1254 (24%), but this was largely due to a 
lower detection frequency. For Aroclor-1254, there were 23 of 26 detected 
concentrations) that exceeded the ESL, whereas 5 of 5 detected concentrations exceeded 
the ESL for Aroclor-1260. These exceedance frequencies suggest there is a low potential 
for risk from Aroclor-1260 and a higher potential for risk from Aroclor-1254. However, 
there is low confidence in both conclusions due to the uncertainty from inadequately low 
detection limits4 for a significant proportion of samples that exceeded ESLs. Therefore, 
the potential for risks from these PCBs cannot be excluded. 

The spatial distribution of individual PCBs in sediment does not generally indicate a 
potential for risk to benthic populations within the SW AEU (Figures 2.35 and 2.38). 
Total PCB calculated values for each sample location as compared to the ESL is provided 
in Figure 2.63. Samples with concentrations exceeding ESLs were not clustered in small 
areas that would indicate hot-spots, and were limited within true aquatic habitat areas5. 
Results presented within the figures include all sediment depth fractions. Further analyses 
of these PCBs in Pond B-4, where individual PCBs were found to exceed ESLs, indicated 
that detected concentrations that exceeded ESLs were from sub-surface sediment 
samples. Sediment from more than 6 inches below the surface is not biologically 
available and represents an incomplete exposure pathway to benthic organisms. A 
detailed analysis of the spatial extent within surface sediment for Pond A B-4 are 
presented in Attachment 8, where PCBs were concluded to pose a low likelihood of risk 
to benthic macroinvertebrates. 

The potential contribution to future'sediments from surface soils adjacent to South 
Walnut Creek is unlikely to reduce sediment risks in the SW AEU (Attachment 6). PCB 
concentrations in surface soils were greater than sediment ESLs for Aroclor-1254 and 
Aroclor-1260. However, there is much uncertainty in extrapolating potential future 
sediment contamination issues based on nearby soil chemistry. The extent of surface soil 
contributions to site sediments is not known. 

Confidence in these individual PCB risk characterizations is also low when total PCBs do 
not exceed the ESL or AT. Screening ESLs for individual PCBs are derived from 
multiple sources with varying endpoints and organisms sensitivities. The total PCB 
benchmark evaluates the potential for effects for all PCBs, not only those with known 
screening benchmarks. The additive toxicity from PCBs is also addressed by the total 
PCB benchmark. In these respects the total-PCB screen has less uncertainty than 
individual PCB SEVs. 

Sample interference is common in PCB chemical analyses of sediment media, and it is difficult to achieve 

'True aquatic habitat areas' include the main stream channel and ponds. Samples from ephemeral habitat, 0 
detection limits below ESLs without requesting targeted methods. 

overland flow, and ditches are not considered representative of true habitat (Figure 1.7). 
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The weight-of evidence conclusion for chemical LOEs is that the risks to benthic 
invertebrates from PCBs in SW AEU sediments cannot be excluded, but is uncertain. 
Sediment concentration screening against threshold toxicity benchmarks found the 
magnitude of exceedances for PCBs required further evaluation; however, there was a 
low frequency of these exceedances for Aroclor-1260, and there was minimal spatial 
extent of elevated surface sediment concentrations within aquatic habitat areas. There is 
low confidence in this conclusion due to uncertainty from inadequate detection limits 
driving ESL exceedances for nondetected concentrations. 

OthedDrainage Specific Lines of Evidence 

Table 5.12 provides a summary of the otheddrainage LOEs gathered by previous studies. 
The SW AEU has been extensively studied. Studies were completed which encompassed 
several types of lines of evidence including tissue analysis, aquatic population measures, 
bioassay analysis and waterfowYwading bird evaluations. Results provide a LOE 
regarding the aquatic ecosystem condition within the SW AEU. Most of the studies 
capture historical conditions that have been altered in ways to remove chemical stressors. 
Thus, their findings provide a conservative characterization of biological communities 
and the bioavailability and toxicity of various contaminants. 

0 

The Kaiser-Hill studies evaluated aquatic ecological conditions throughout RFETS over 
time (1999 through 2001). Results indicate that aquatic species are affected by habitat 
variables but not by site contaminants. The limiting environmental factor is low surface 
water discharge. The SW AEU undergoes periods where flows are completely absent 
from portions of the system. The SW AEU predominantly provides seasonal habitat 
following periods of snowmelt or high rainfall events. Otherwise, habitat and aquatic 
communities are extremely limited. 

Specifically, PCB concentrations in fish tissue collected from B-series ponds of the SW 
AEU were lower than maximum recommended body burdens (Eisler 1986) in bass 
samples and all but three fathead minnow samples collected from Pond B-4 (Stiger 
1994). Only one other fathead minnow sample from Pond B-4 exceeded the fish tissue 
benchmark (DOE 1996). Despite elevated tissuecandor sediment concentrations PCBs 
were determined to pose no risks to avian piscivores (Stiger 1994; DOE 1996). B-series 
Ponds also contained the highest benthic macroinvertebrates abundances (DOE 1996). 
Benthic macroinvertebrate communities were relatively healthy and supported by good 
water quality in Walnut Creek (Exponent 1998). The presence of pollution intolerant taxa 
(Ephemeroptera and Tnchoptera) indicate the Walnut Creek benthic macroinvertebrate 
community was relatively rich and diverse (Aquatic Associates Inc. 2003). Sediment 
toxicity bioassays agree with the findings of noeffects from these other studies and did 
not observe toxicity to C. tentans in any pond sediments (DOE 1996). Only Pond B-2 
showed a low toxicity to H. azteca in this study. 

The discrepancy between site sediment toxicity and ESL exceedances, particularly by 
PAHs, may be due to the chemical properties of the sediment. Organic carbon (OC) in 
sediments binds nonpolar (non-ionic) organic contaminants to render them non- 
bioavailable (Mahony et a]. 1996). If the total organic carbon (TOC) in SW AEU 
sediments is higher than the 1 percent TOC assumed in the ESLs, then these ESLs will be 
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more conservative than necessary to protect benthic organisms Higher OC in sediments is 
derived from decomposition of leaves and organic matter, producing a dark spongy soil. 
Site investigations indicate that stream and pond sediment is darker and richer in OC than 
the assumed 1 percent. Sediment accumulation areas in the ponds, streams (backwaters 
and pools), and marshy areas with emergent vegetation are likely to produce TOC-rich 
(>5 percent) and electrochemically-reduced sediments that will produce sulfide. Acid 
volatile sulfides (AVS) bind metals when the sediments are anaerobic (Ankley et al. 
1996). Therefore, sulfide and TOC likely to be present in the soft sediments of low- 
energy microhabitats, including pond bottoms, will serve to detoxify metals and certain 
organic con tamin ants . 

The studies determined that aquatic conditions have been consistent over time and 
represent good ecological conditions relative to reference sites. There appeared to be no 
controlling factor affecting community structure with the exception of habitat and low 
flow. 

5.4.3 Weight-of-Evidence Conclusions 

There were 5 surface water ECOPCs (5 inorganics) and 27 sediment ECOPCs (10 
inorganic and 17 organics) evaluated using multiple LOEs within the contaminant risk 
characterization. The WOE analysis method was as stated in Section 5.1.3, above. 

Weight of evidence conclusions for the SW AEU can be summarized as: 

Magnitude of ESL or AT exceedances: 

, a  All surface water contaminants showed low magnitude HQs for either primary 
ESLs or ATs, with the possible exception of ammonia. 

Sediment ESL-HQs were generally low ( 4 0 )  for UTL and UCL-EPCs except for 
fluoride, acenaphthene, benzo(g,h,i)perylene, carbazole, dibenz(a,h)anthracene, 
indeno( 1,2,3-cd)pyrene, Aroclor-1254 and Aroclor-1260, and were less than 5 for 
all UTL and UCL comparisons to AT benchmarks. 

Spatial Distribution: 

Most surface water contaminants were minimally distributed and unclustered, 
except for ammonia and silver which were found in aquatic habitats. 

Most sediment contaminants were associated with the IA overlapping portion of 
the AEU. Certain ECOPCs were concentrated in ponds, however the pond- 
specific analysis of surface sediment often found that few measured 
concentrations were present. Most were at nondetect or less than ESL 
concentrations within surface sediment indicating a low risk concern. 

Frequency of Exceedances: 
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Four of the five surface water contaminants had a very low frequency of HQ 
exceedances. Ammonia more commonly exceeded benchmarks. 

Most sediment ECOPCs had fewer than 20 percent of samples (detected) ' 

exceeding their ESL, except for fluoride, zinc, anthracene, benzo(a)anthracene, 
benzo(a)pyrene, benzo(g,h,i)perylene, carbazole, chrysene, fluoranthene, 
indeno( 1,2,3-~d)pyrene, Aroclor-1254, phenanthrene, and pyrene. * 

Change in Exceedances over Time: 

Most surface water constituents have decreased in toxicity in recently-collected 
samples, including ammonia. Recent changes in 4,4'-DDT concentrations are 
unknown. 

0 -  Surface sediment MDCs were generally not different from the 
comprehensive sediment database ESLs and did not influence the potential for 
risk. In only a few cases were the MDCs lower in surface sediments (cadmium, 
silver, indeno[ 1,2,3-~d]pyrene). 

Drainage-specific habitat and ecological studies: 

Previous studies indicate that aquatic life within the SW AEU is primarily 
affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

Toxicity was not observed in pond sediment bioassays, indicating that PAHs, 
PCBs, and metals do not pose a potential for risk in pond habitat. 

Fish tissue residues were below toxicity thresholds for PCBs. 

0 Benthic macroinvertebrate communities were healthy. 

In summary, the weight of evidence gathered from the risk characterization indicates that 
there is no or low potential for risk to the aquatic populations within the SW AEU caused 
from contaminant chemistry alone. The seasonal hydrologic regime and local topography 
are most important in determining the makeup of the local aquatic communities and in 
mitigating any small potential for chemical-based risk. The low toxicity in pond sediment 
bioassays also had a strong weight in this WOE. In contrast to the strong effects of 
intermittent flows and seasonal hydrologic regime, the observations indicating the 
possibility of low, chemically-based risk were mostly based on uncertain toxicological 
endpoints and low and infrequent exceedances which would be unlikely to produce 
population and community effects, an observation supported by the various-other LOEs 
and special studies. 0 
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5.5 Risk Characterization of the WC AEU 

ECOPCs were identified for surface water and sediment within the WC AEU. A 
contaminant risk characterization using the various LOEs was completed for these 
contaminants. The WC AEU has seen considerable study by others in areas of 
otheddrainage lines of evidence. This risk characterization begins with a site ecological 
setting description in order to provide perspective regarding the aquatic ecosystem 
characteristics associated with the WC AEU. The contaminant risk LOEs and the 
otheddrainage LOE are then described, followed by a weight-of-evidence summary of 
these risk descriptors. 

5.5.1 Site-Specific Habitat Description 

Woman Creek traverses the south side of the site, and captures runoff from the southern 
portion of the IA, as well as the majority of the southern buffer zone. Several tributaries 
to Woman Creek exist within the RFETS boundaries, and include, from north-to-south: 
1) the South Interceptor Ditch (SID), 2) North Woman Creek, 3) Owl Branch, and 4) 
Antelope Springs. The hydrology in the Woman Creek tributaries is expected to remain 
unchanged between the historic and future configuration of RFETS with the exception of 
the SID in which flows are anticipated to be reduced. Woman Creek flows through Pond 
C-1, which was reconfigured as a low-profile, flow through structure in 2005. Woman 
Creek is isolated from IA surface runoff by the SID which intercepts surface flow and 
diverts it to Pond C-2. Woman Creek is diverted around Pond C-2 via a concrete 
diversion wall and channel, rejoining the original Woman Creek channel downstream of 
Pond C-2. 

Woman Creek is designated as stream segment 4a in the Big Dry Creek basin by the 
Colorado WQCC. The.mean annual discharge volume measured at the site boundary near 
Indiana Street, is approximately 269 ac-ft per year, with a peak flow of 80 cfs. Woman 
Creek flows into Woman Creek resewoir after exiting RFETS. 

Aquatic habitats within the Woman Creek aquatic EU are restricted to the head waters of 
Woman Creek and its tributaries (Le., the area above the C-2 pond). Intermittent stream 
flow alternate with areas of persistent flow within the headwaters. Intermittent segments 
contain isolated pools that provide important habitat for many aquatic species during the 
late summer and early fall when flow ceases. Persistent flows originate from seeps and 
springs and provide year-round aquatic habitats. Pond C-1 is the only pond associated 
with Woman Creek directly since Pond C-2 is hydrologically isolated from the Creek and 
receives flows from the SID. The SID provides only marginal ephemeral habitats. These 
ephemeral habitats comprise a few small pools where water collects during storm events. 
These areas dry out quickly. Below Pond C-2 only one or two small pools remain most 
of the year in Lower Woman Creek. The rest of this reach is dry the majority of the year. 

Woman Creek retains a significant amount of stream habitat and holds the majority of 
RFETS fish species. Native fish species that reproduce within Woman Creek include 
white suckers (Catostomus commersoni), fathead minnows, green sunfish (Lepomis 
cyanellus), stonerollers (Capostoma anomalus) and creek chubs (Semotilus 
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utromaculutus). Two none-native fish species, golden shiners (Notemigonus crysoleucus 
and largemouth bass (Micropterus sulmoides), also are found in the drainage. 

Within Woman Creek, the most common aquatic macroinvertebrates are Oligochaetes 
(tubificid worms) (AAI 2003), the larvae of the blackfly (Order Diptera, Simulidue sp.) 
midge (Order Diptera, Chironomidue sp) and mayfly (Order Ephemeropteru) (DOE, 
1997). Other species include caddisflies (Order Tn'chopteru), craneflies (Tipulidue ssp.), 
damselfly larvae (Order Odonutu), stonefly larva (Order Plecopteru) as well as snails 
(Class Gustropodu) and amphipods (Order Amphipoda). Large macroinvertebrates such 
as crayfish (Order Decupodu, Family Astucidue) and snails are potentially important prey 
for other fish, waterfowl and mammal species 

5.5.2 Exposure and Risk Characterization 

Tables 5.13 and 5.14 provide the HQs for the comprehensive surface water data set and 
the post-1999 surface water data set. Tables 5.15 and 5.16 provide the HQs for the 
comprehensive sediment (includes all depth fractions) and surface (0-6") sediment data 
sets for the sediment ECOPCs, respectively. HQs derived from the ESL and AT values 
for each contaminant are provided for MDC, UCL, and UTL EPCs for each of the four 
media. Table 5.17 provides the frequency and magnitude of comprehensive surface water 
and sediment HQs based on ESLs. Concentration distributions of ECOPCs in surface 
water and sediment media in relation to ESLs and AT benchmarks are presented in 
Figures 5.75 through 5.104. The results of the contaminant risk characterization are 
presented below by medium (surface water and sediment) and by contaminant. 

5.5.3 

Su#ace Water ECOPCs 
Ammonia 

Contaminant Risk Characterization Lines of Evidence 

The MDC for ammonia in WC AEU surface water (0.0939 m a )  exceeded the screening 
ESL (0.02 m a ) .  A total of 3 detected samples from WC surface water exceeded the 
screening ESL for unionized ammonia. These samples were collected between March 
1993 and August 1994. The low frequency of exceedances by detected concentrations 
(4 percent) suggests that potential adverse effects may not be widely distributed 

The screening ESL for ammonia was derived from CDPHE (2005a), and represents 
unionized ammonia. The unionized ESL HQs for UCL and UTL EPCs from the 
comprehensive surface water data set were both < 1 (Table 5.13) (the ESL was 
unchanged from the screening value). The AT value for ammonia (0.104 m a )  was the 
acute water quality criterion, and was pH- and temperature-adjusted using a WC AEU 
specific average pH of 7.2 and an estimated temperature of 20°C (Attachment 5). The AT 
ESL HQs for the MDC, UCL, and UTL EPCs were all less than 1. These HQ values 
indicate no to low risk potential attributable to ammonia. 

Ammonia was detected in 38 percent of the samples. The concentration distribution is 
provided in Figure 5.75. As shown in this figure, approximately 96 percent of the values 
fall below the ESL value, including the mean and 95 UCL. The magnitude and frequency 

DENIEo3Ux)501 I.DW 109 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 1582 
Aquatic Exposure Units 

of HQ values for the data set based on the refined ESL are presented in Table 5.17. HQs 
for detected results were all 5 5. This indicates that ammonia concentrations are unlikely 
to pose a risk to aquatic organisms. 

The spatial distribution of ammonia concentrations relative to the site-specific ESL is 
shown in Figure 2.160. One location within Pond C-2 had a measured value greater than 
the ESL. The remaining sample locations within the channel and pond areas had 
measured values less than the ESL. The spatial distribution of ammonia samples is not 
wide-spread nor is ammonia consistently elevated in any specific location. 

ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set could not be 
calculated due to the lack of available data (Table 5.14). 

Evaluation of the available chemical LOEs for ammonia indicates a low magnitude of 
exceedance (i.e., 96 percent of HQs < 1 and MDC of only 5 )  and unclustered spatial 
extent of exceedances. Additionally, there were no AT exceedance that would indicate 
the occurrence of acute exposures. Therefore, there is no to low potential for adverse 
effects to aquatic life attributable to ammonia in WC AEU. 

Cadmium (Dissolved) 

The MDC for cadmium (dissolved) in WC AEU surface water (0.0268 mg/L) exceeded 
the screening ESL (0.00025 mg/L). A total of 2 samples from WC surface waters 
exceeded the screening ESL for cadmium. These samples were collected between July 
1991 and November 1997. The low frequency of exceedances by detected concentrations 
(7 percent) suggests that potential adverse effects may not be widely distributed. 

The cadmium screening ESL is hardness dependant and was calculated after CDPHE 
(2005a) using an estimated hardness of 100. Site specific hardness in WC AEU was 
determined to be 162 (Attachment 5) ;  and, a refined ESL based on this site-specific 
hardness is 0.0032 mg/L. The MDC for cadmium (dissolved) still exceeded this refined 
ESL, but with a low magnitude HQ (8.4). ESL-HQs for UCL and UTL EPCs from the 
comprehensive surface water data set were <1 in both cases (Table 5.13). The AT for 
cadmium is the acute water quality criterion. This site-specific, hardness adjusted AT 
value is 0.0072 mg/L. AT HQs for UCL and UTL EPCs were < 1. The absence of 
exceedances by these EPCs indicates a low potential for risk from cadmium in surface 
water at WC AEU. 

Cadmium was detected in 13 percent of samples. The concentration distribution is 
provided in Figure 5.76. As depicted in this figure, the UTL and average fall below the 
refined ESL value, as do the majority of the data. Specifically, the frequency of 
exceedance for the refined ESL was 2 of 364 (<I percent) (Table 5.17). HQs for the two 
detected samples exceeding the refined ESL were <I or 1. The low frequency and 
magnitude of exceedance indicate a low potential for risk from cadmium to aquatic 
populations within the WC AEU. 

The spatial distribution of cadmium relative to the site-specific refined ESL is shown in 
Figure 2.161. One location within the SID, and one within the channel area exceeded the 
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a 
Refined ESL-HQs for MDC, UCL, and UTL EPCs from the post-1999 surface water data 
set were cl (Table 5.14). These HQ values indicate that cadmium is not a current risk to 
aquatic populations within the WC AEU. 

Results for the available chemical LOEs for cadmium indicate that UCL and UTL EPCs 
do not exceed the refined ESL, there is a very low frequency and magnitude of 
exceedances (i.e., c1 percent of samples exceeded-the refined ESL), and there were few 
exceedances within aquatic habitat areas. Additionally, the MDC from post-1999 data did 
not exceed the refined ESL. Therefore, the weight-of evidence conclusion is that there is 
no potential for adverse effects to aquatic life attributable to this ECOPC. 

Silver (dissolved) 

The MDC for silver (dissolved) in WC AEU surface water (0.0063 m a )  exceeded the 
screening ESL (0.00032 mg/L). A total of 21 detected samples from WC surface waters 
exceeded the ESL for silver. These samples were collected from July 1991 to April 2004. 
This low frequency of exceedances (6 percent) suggests that potential adverse effects 
may not be widely distributed. 

The silver (dissolved) ESL is hardness dependant and was calculated after CDPHE 
(2005a) using an estimated hardness of 100. Site specific hardness in WC AEU was 
determined to be 162 (Attachment 5); and, a refined ESL based on this site-specific 
hardness is 0.0007 mg/L. The MDC for silver (dissolved) still exceeded this refined ESL, 
but the refined ESL-HQs for UCL and UTL EPCs from the comprehensive surface water 
data set were 1 and 4, respectively (Table 5.13). An acute surface water benchmark value 
of 0.0047 mg/L was considered the AT value (CDPHE 2005a). AT-HQs from the 
comprehensive surface water data set were c1 for both the ESL and UCL. These HQ 
values indicate a low risk potential attributable to silver with uncertainty attributed to the 
exceedances of nondetects (Table 5.17). 

a 

Silver (dissolved) was detected in only 7 percent of the samples indicating a minimal 
spatial extent. The concentration distribution is provided in Figure 5.77. Most of the 
measured values occurred below the AT with only 6 exceptions. The UTL and average 
concentrations are greater than the ESL, but less than the AT value. The magnitude and 
frequency of HQ values for each sample are presented in Table 5.17. Of the detected 
concentrations that exceeded the refined ESL, HQs either were all less than 10. 
Additionally, these exceedances of detected samples represent only 6 percent of the data 
set (27 of 365); therefore, this indicates that silver (dissolved) concentrations pose no or 
low risk to aquatic populations within the WC AEU. 

The spatial distribution of concentrations of silver (dissolved) relative to the site-specific 
ESL is shown in Figure 2.162.'Several locations within the channel, and one location 
within Pond C-1 , had measured values greater than the ESL. The remaining sample 
results within the aquatic habitat areas were below detection. Several locations outside 
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the aquatic habitat areas and within the SID and surrounding IA areas had measured 
values greater than the ESL. The infrequent and unclustered spatial extent of exceedances 
does not indicate a potential for risk to aquatic populations within the WC AEU from 
silver. 

Refined ESL-HQs for UCL and UTL EPCs from the post-1999 surface water data set 
were both el (Table 5.14). These HQ values indicate that silver (dissolved) is not a 
current risk to aquatic populations within the WC AEU. 

Although the concentrations of silver (dissolved) in the WC AEU surface water are 
statistically greater than background, the MDC for silver (dissolved) is less than the 
background maximum concentration. This indicates that the occurrence of silver 
(dissolved) is within the range of background levels. Any risk associated with this metal 
would be no greater than the risk associated with background concentrations. 

The potential risk attributable to silver (dissolved) is low given the low frequency of 
detection, minimal frequency of site-specific ESL exceedances, and the lack of spatial 
trends for elevated concentrations within aquatic habitat areas. The potential risk 
attributable to silver is also within the range of risk attributable to background. . 
Therefore, the weight-of evidence conclusion is that there is low but uncertain potential 
for adverse effects to aquatic life from this ECOPC. 

Sediment ECOPCs 
Aluminum 

The MDC for aluminum in WC AEU sediments (32,000 mgkg) exceeded the screening 
ESL (15,900 mgkg) (Table 5.15). A total of 16 of 88 samples from WC sediments 
exceeded the screening ESL for aluminum. All samples were detected. These samples 
were collected between July 1991 and March 2004. The relatively low frequency of 
exceedances (1 8 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were e 1 
for the UCL and slightly over 1 for the UTL (Table 5.15). The AT for aluminum is the 
ERM value of 58,000 of Ingersoll et al. (1996), representative of a median effect level for 
benthic invertebrates (Attachment 5). AT HQs for the UCL and UTL EPCs as well as the 
MDC were e 1. 

Aluminum was detected in all samples. The concentration distribution is provided in 
Figure 5.78. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 16 of 88 
samples (18 percent) (Table 5.17). Additionally, HQs for all 16 samples that exceeded the 
ESL were between 1 and 5. Given the low frequency and magnitude of exceedance there 
is a low potential for risk from sediment aluminum to aquatic populations within the 
wc AEU. 

The spatial distribution of aluminum concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.174. As shown within this figure, there were several locations 
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within Ponds C-1 (4 locations) and C-2 (3 locations) with measured concentrations 
greater than the ESL. In addition, there are two locations within channel areas with 
measured concentrations greater than the ESL. The nine locations with measured values 
greater than the ESL represent approximately 32 percent of the data within the true 
aquatic habitat areas. The remaining 68 percent occurs below the ESL. The results 
identify a concentration of aluminum within habitat areas (Ponds C-1 and C-2) that 
requires further evaluation. The results presented within this figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for ponds C-1 and C-2 (Figure A8.59) indicated aluminum was 
detected at concentrations less than the ESL at all locations except one within Pond C-2, 
while four locations within Pond C-1 were all greater than the ESL. This spatial extent of 
aluminum indicates the need for further analysis of pond surface sediment risk conditions 
in regards to aluminum (provided below and within Attachment 8). 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of aluminum in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (31,000 mg/kg) is greater than the ESL but lower than the AT. 

The adjacent surface soil results included 71 samples for aluminum, all detected, with an 
MDC of 45,000 mgkg. The MDC exceeded the ESL but not the AT. Average soil values 
(1 1,268) were lower than ESL and AT levels. 

Aluminum was detected in surface water and was eliminated from the surface water 
ECOPC process due to being statistically similar to background levels. 

Aluminum was identified as an ECOPC for the pond-specific evaluations of Pond C-1. 
However, further analysis of Pond C-1 surface sediment identified an HQ for the ESL of 
2, which is within the HQ range of uncertainty where adverse effects are unknown. The 
surface sediment HQ for the AT is 1.  Because the measured concentrations fall below 
these AT values, the likelihood for risk attributable to aluminum is low. 

Results for the available chemical LOEs for aluminum indicates that the UCL EPC does 
not exceed the ESL, there is a very low frequency and magnitude of exceedances (i.e., 
only 18 percent of samples exceeded the ESL, and the all HQs were < 5),  and there was a 
minimal occurrence of exceedances within aquatic habitat areas. Additionally, the MDC 
EPCs for the surface sediment data set do not exceed the AT. Aluminum is an almost 
universally-present constituent of background soils. Therefore, the weight-of evidence 
conclusion is that there is no or low potential for adverse effects to aquatic life 
attributable to this ECOPC. 

Antimony 

The MDC for antimony in WC AEU sediments (51.3 mgkg) exceeded the screening ESL 
(2 mgkg) (Table 5.15). A total of 6 detected samples (8 detected of 82 samples) from 
WC sediments exceeded the screening ESL for antimony. These samples were collected 
between July 1991 and March 2004. The low frequency of exceedances by detected 
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concentrations (7 percent) suggests that potential adverse effects may not be widely 
distributed but is uncertain. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were > 1 in 
both cases (Table 5.15). The AT for antimony is the 3.2 mgkg, screening criterion from 
NYSDEC (1994) (Attachment 5). AT HQs for UCL and UTL EPCs were also > 1 as was 
the AT HQ for the MDC. Low level risk from sediment antimony can not be excluded 
from this drainage on the basis of this information. 

Antimony was detected in only 10 percent of the samples. The concentration distribution 
is provided in Figure 5.79. As depicted in this figure, the UTL and average falls above 
the ESL value, as does the majority of the data. Given the low frequency but medium 
magnitude of exceedance (Table 5.17) there remains a small potential for risk from 
antimony to aquatic populations within the WC AEU on a strictly chemical basis. 

The spatial distribution of antimony concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.175. As shown within this figure, there are only two locations 
within true aquatic habitat areas within the channel that have concentrations greater than 
the ESL. The remaining locations associated with the channel and Ponds C-1 and C-2 
were either below the ESL or at nondetect levels. The two locations with measured 
values greater than the ESL represent approximately 8 percent of the data within the true 
aquatic habitat areas. The remaining 92 percent occur below the ESL or were nondetects. 
This spatial extent of antimony does not indicate a potential for risk to benthic 
populations within the WC AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of antimony in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (51.3 mgkg) is greater than the ESL and AT. 

The adjacent surface soil results included 70 samples for antimony, only 13 detected, 
with an MDC of 3.3 mgkg. The MDC exceeded the ESL and AT (but only slightly). 
However, average soil antimony values (1.2 mgkg) were lower than ESL and AT levels. 

Antimony was detected in surface water in 95 of 573 samples, and was eliminated from 
the surface water ECOPC process due to being statistically similar to background levels. 
In addition, this chemical was not identified as an ECOPC for the pond-specific 
evaluations (Attachment 8) indicating that antimony does not pose a risk concern to 
isolated habitat areas. 

Results for the available chemical LOEs for antimony indicates that UCL and UTL EPCs 
exceed the ESL, but there is a relatively low frequency of exceedances (i.e., only 
7 percent of the detected samples exceeded the ESL). However, some HQs exceeded 10. 
Antimony. had minimal occurrence of exceedances within aquatic habitat areas. 
Therefore, the weight-of evidence conclusion is that there remains a low but uncertain 
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potential for adverse effects to aquatic life attributable to this ECOPC on the basis of 

Barium 

The MDC for barium in WC AEU sediments (404 mgkg) exceeded the screening ESL 
(189 mgkg). A total of 15 samples from WC sediments exceeded the screening ESL for 
barium. These samples were collected between July 1991 and March 2004. The relatively 
low frequency of exceedances by detected concentrations (17 percent) suggests that 
potential adverse effects may not be widely distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were 4 and 
1 respectively (Table 5.15). The AT for barium is 287, an average toxicity value from 
MacDonald et a1 (1999) (Attachment 5). AT HQs for UCL and UTL EPCs were <1 and 
the MDC was 1. 

chemical exposure, alone. 

. 

Barium was detected in almost all of the samples (87 out of 88). The concentration 
distribution is provided in Figure 5.80. As depicted in this figure, the average falls below 
the ESL value, as does the majority of the data. Specifically, the frequency of exceedance 
for the ESL was 15 of 88 (17 percent)(Table 5.17). Additionally, HQs for all 15 samples 
that exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from barium to aquatic populations within the 
WC AEU. 

The spatial distribution of barium concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.176. As shown within this figure, there were several locations within 
Ponds C-1 (3 locations) and C-2 (2 locations) with measured concentrations greater than 
the ESL. In addition, there are three locations within channel areas with measured 
concentrations greater than the ESL. The eight locations with measured values greater, 
than the ESL represent approximately 27 percent of the data within the true aquatic 
habitat areas. The remaining 73 percent occur below the ESL or were nondetects. The 
results identify a concentration of barium within habitatcareas (Ponds C-1 and C-2) that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for Ponds C-1 and C-2 (Figure A8.61) indicated barium was 
detected at concentrations less than the ESL at all locations except two within Pond C-2, 
while four locations within Pond C-1 were all greater than the ESL. This spatial extent of 
barium indicates the need for further analysis of pond surface sediment risk conditions in 
regards to barium (provided below and within Attachment 8). 

0 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of barium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations of barium for all of the WC AEU 
indicates that the MDC (404 mg/kg) is greater than the ESL and AT 
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The adjacent surface soil results included 71 samples for barium, all detected, with an 
MDC of 220 m a g .  The MDC exceeded the ESL but not the AT. However, average soil 
barium values (80.5) were lower than ESL and AT levels. 

Barium was detected in surface water and was eliminated from the surface water ECOPC 
process due to having an EPC (UTL) less than the ESL. 

Barium was identified as an ECOPC for the pond-specific evaluations of Pond C-1. 
However, further analysis of Pond C-1 surface sediment identified an HQ for the ESL is 
2, while the HQ for the AT is 1. Toxicity from barium in sediment is not well 
documented and there are no other applicable screening criteria available for this metal. 
Comparison to toxicity-based values provide an indication of when the potential for risk 
to sediment organisms is likely to be absent, but do not adequately evaluate when risks 
exist. Therefore, because of the lack of an appropriate ESL for barium, it is considered an 
uncertainty; although, barium is not considered a priority pollutant by the EPA and for 
this reason is unlikely to pose a significant risk to benthic receptors. The combined lines 
of evidence-indicate that the risk attributable to barium is low. 

Results for the available chemical LOEs for barium indicate that the UCL EPC does not 
exceed the ESL, there is a low frequency and magnitude of exceedances (i.e., only 
17 percent of samples exceeded the ESL and the all HQs were < 5) ,  and minimal 
occurrence of exceedances within aquatic habitat areas. However, the MDC EPCs for the 
surface sediment data set exceed the AT. Therefore, the weight-of evidence conclusion is 
that there is low potential for adverse effects to aquatic life attributable to this ECOPC. 

Cadmium 

The MDC for cadmium in WC AEU sediments (3.6 m a g )  exceeded the screening ESL 
(0.99 mgkg). A total of 7 detected samples (24 detected of 83 samples) from WC 
sediments exceeded the screening ESL for cadmium. These samples were collected 
between July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (8 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were '4 and 
1, respectively (Table 5.15). The AT for cadmium is a consensus-based, probably effects 
concentration (PEC) of 4.98 mg/kg (MacDonald et al. 2000a) (Attachment 5) AT HQs 
for UCL and UTL EPCs and the MDC were all < 1. 

Cadmium was detected in only 29 percent of the samples. The concentration distribution 
is provided in Figure 5.81. As depicted in this figure, the average falls below the ESL 
value, as does the majority of the data. Specifically, the frequency of exceedance for the 
ESL was 7 of 83 (8 percent)(Table 5.17). Additionally, HQs for the 7 samples that 
exceeded the ESL were between 1 and 5. Given the relatively low frequency and 
magnitude of exceedance there is a low potential for risk from barium to aquatic 
populations within the WC AEU. 
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The spatial distribution of cadmium concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.177. As shown within this figure, there are only two locations 
within true aquatic habitat areas within the channel that have concentrations greater than 
the ESL. The remaining locations associated with the channel and Ponds C-1 and C-2 
were either below the ESL or at nondetect levels. The two locations with measured 
values greater than the ESL represent approximately 7 percent of the data within the true 
aquatic habitat areas. The remaining 93 percent occur below the ESL or were nondetects. 
This spatial extent of cadmium does not indicate a potential for risk to benthic 
populations within the WC AEU. 

0 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of cadmium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicates that 
the MDC (3.6 mgkg) is greater than the ESL but not the AT. This indicates that realistic 
exposure conditions are within an uncertain toxicity range, indicating a potential low risk 
to aquatic populations. 

The adjacent surface soil results included 69 samples for cadmium, 27 detected, with an 
MDC of 2.4 mgkg. The MDC exceeded the ESL but not the AT. However, average soil 
cadmium values (0.26 mgkg) were lower than both the ESL and AT levels. 

Cadmium (dissolved) was identified as an ECOPC for surface water. Results of the risk 
characterization of cadmium indicate that cadmium was detected in 13 percent of 
samples. The UTL and average fall below the refined ESL value, as do the majority of 
the data. Specifically, the frequency of exceedance for the refined ESL was 2 of 363 
(<I percent). Additionally, HQs for the two detected samples exceeding the refined ESL 
were between 1 and 10. The low frequency and magnitude of exceedance indicate a low 
potential for risk from cadmium to aquatic'populations within the WC AEU. 

Cadmium was not identified as an ECOPC for the pond-specific evaluations (Attachment 
8) indicating that cadmium does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for cadmium indicates that UCL and UTL EPCs 
slightly exceed the ESL, there is a low frequency and magnitude of exceedances (i.e., 
only 8 percent of samples exceeded the ESL, and the all HQs were < 3, and minimal 
occurrence of exceedances within aquatic habitat areas. Additionally, the EPCs for the 
surface sediment data set do not exceed the AT. Therefore, the weight-of evidence 
conclusion is that there is no or low potential for adverse effects to aquatic life 
attributable to this ECOPC. 

Copper 

The MDC for copper in WC AEU sediments (212 mgkg) exceeded the screening ESL 
(31.6 mgkg). A total of 8 samples (83 detected of 88 samples) from WC sediments 
exceeded the screening ESL for copper. These samples were collected between July 1991 
and March 2004. The low frequency of exceedances by detected concentrations 
(9 percent) suggests that potential adverse effects may not be widely distributed. 0 
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ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <I 
and 2, respectively for the UCL and UTL (Table 5.15). The 'AT (PEC) for copper is a 
PEC value of 149 mgkg (MacDonald et al. 2000a) (Attachment 5). AT HQs for UCL 
and UTL were c 1 and the MDC HQ was < 2. 

Copper was detected in 94 percent of the samples. The concentration distribution is 
provided in Figure 5.82. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 8 of 88 (9 percent) (Table 5.17). Additionally, HQs for 6 of the detected samples 
were between 1 and 5 and only 2 were greater than 5. Given the low frequency and 
magnitude of exceedance there is a low potential for risk from copper to aquatic 
populations within the WC AEU. 

The spatial distribution of copper concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.178. As shown within this figure, there is only one location within 
Pond C-2, and one location within the channel that has a concentration greater than the 
ESL. The remaining locations with measured concentrations greater than the ESL are 
associated with the SID and the IA overlapping portion of the AEU are outside of true 
aquatic habitat settings. The two locations with measured values greater than the ESL 
represent approximately 7 percent of the data within the true aquatic habitat areas. The 
remaining 93 percent occur below the ESL or were nondetects. 

This spatial extent of copper does not indicate a potential for risk to benthic populations 
within the WC AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of copper in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicates that 
the MDC (212 mg/kg) is greater than the ESL and AT, and the arithmetic average 
(21.7 mg/kg) is less than the ESL and AT (Attachment 6). 

The adjacent surface soil results included 71 samples for copper, all detected,.with an 
MDC of 43.8 mg/kg. The MDC exceeded both the ESL but not the AT. Average soil 
copper values (21.7 mg/kg) were lower than ESL and AT levels. 

Copper was detected in surface water and was eliminated from the surface water ECOPC 
process due to being statistically similar to background levels. In addition, this chemical 
was not identified as an ECOPC for the pond-specific evaluations (Attachment 8) 
indicating that copper does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for copper indicates that although the UCL and 
UTL EPCs exceed the ESL, there is a very low frequency and magnitude of exceedances . 
(i.e., only 9 percent of samples exceeded the ESL and almost all HQs were c 5), and 
minimal occurrence of exceedances within aquatic habitat areas. However, the MDC for 
the surface sediment data slightly exceeds the ESL and AT. Therefore, the weight-of 
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evidence conclusion is that there remains a low potential for adverse effects to aquatic 
life attributable to this ECOPC from chemical effects, alone. , 

Fluoride 

0 
The MDC for fluoride in WC AEU sediments (20.3 mgkg) exceeded the screening ESL 
(0.01 mgkg). All detected samples (1 detected of 4 samples) from WC sediments 
exceeded the screening ESL. These samples were collected between July 1991 and 
March 2004. The high frequency of exceedances by detected (and all nondetected) 
concentrations suggests that potential adverse effects can not be excluded. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were >I in 
both cases (Table 5.15). The AT for fluoride is 7 mgkg, is a TET (Bolton et al. 1985) 
(Attachment 5). AT HQs for the UCL, UTL and MDC EPC were 3. 

Fluoride was detected in 25 percent of the samples. The concentration distribution is 
provided in Figure 5.83. As depicted in this figure, all data are above the ESL. The 
frequency of exceedance for the ESL was 25 percent (Table 5.17). Additionally, HQs for 
the single detected sample that exceeded the ESL was > 10. Given the medium frequency 
but high magnitude of exceedance there remains a potential for risk from fluoride to 
aquatic populations within the WC AEU. 

The spatial distribution of fluoride concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.179. As shown within this figure, fluoride was detected in one 
location within the SID with a concentration greater than the ESL. The rest of the sample 
location results were at nondetect levels. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 

characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (20.3 mg/kg) is greater than the ESL and the AT but the arithmetic average 
(3.3 mgkg) is less than the AT (Attachment 6). 

0 

, concentrations of fluoride in surface sediments were reviewed as part of the risk 

The adjacent surface soil results were not sampled for fluoride and can not be used as an 
LOE. 

Fluoride was detected in surface water and was eliminated from the surface water 
ECOPC process due to having an MDC less than the ESL. In addition, this chemical was 
not identified as an ECOPC for the pond-specific evaluations (Attachment 8) indicating 
that fluoride does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for fluoride indicate that UCL and UTL EPCS 
exceed the ESL and AT and the all ESL HQs were > 10. Fluoride had a minimal 
occurrence of exceedances within aquatic habitat areas. Therefore, the weight-of 
evidence conclusion, based on ambient chemistry alone, is that there is low to uncertain 
potential for adverse effects to aquatic life attributable to this ECOPC. 0 
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- Iron 

The MDC for iron in WC AEU sediments (38,800 mgkg) exceeded the screening ESL 
(20,000 mgkg). A total of 20 samples (all detected of 88 samples) from WC sediments 
exceeded the screening ESL for cadmium. These samples were collected between July 
1991 and March 2004. The relatively low frequency of exceedances by detected 
concentrations (23 percent) suggests that potential adverse effects may not be widely 
distributed. 

ESL-HQs for the UCL EPC from the comprehensive sediment data set was < 1 but not 
for the UTL (Table 5.15). The AT for iron is 280,000 mgkg as an ERM from Ingersoll et 
al. (1996) (Attachment 5). AT HQs for UCL, UTL and MDC EPCs were < 1. 

Iron was detected in all of the samples. The concentration distribution is provided in 
Figure 5.84. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 20 of 88 
(23 percent)(Table 5.17). Additionally, HQs for all 20 detected samples that exceeded the 
ESL were between 1 and 5. Given the relatively low frequency and magnitude of 
exceedance there is a low potential for risk from iron to aquatic populations within the 
wc mu. 
The spatial distribution of iron concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.180. As shown within this figure, there were several locations within 
Ponds C-1 (4 locations) and C-2 (4 locations), and four locations within the channel with 
measured concentrations greater than the ESL. The locations with measured values 

. greater than the ESL represent approximately 37 percent of the data within the true 
aquatic habitat areas. The remaining 63 percent occur below the ESL or were nondetects. 
The results identify a concentration of iron within habitat areas (Ponds C-1 and C-2) that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for Ponds C-1 and C-2 (Figure A8.63) indicated iron was 
detected at concentrations less than the ESL at all locations except four within Pond C-2, 
while all four locations within Pond C-1 were all greater than the ESL. This spatial extent 
of iron indicates the need for further analysis of pond surface sediment risk conditions in 
regards to iron (provided below and within Attachment 8). 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of cadmium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicates that 
the MDC (38,800 mgkg) is greater than the ESL but less than the AT, and the arithmetic 
average (16,652 mgkg) is less than the ESL and AT ( Attachment 6). 

The adjacent surface soil results included 71 samples for iron, all detected, with an MDC 
of 29,000 mgkg. The MDC exceeded the ESL but not the AT. Average soil iron values 
(13,472 mgkg) were lower than ESL and AT levels. 
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0 
Iron was identified as an ECOPC for the pond-specific evaluations of Pond C-1. Iron was 
not identified as an ECOPC for Pond C-2. However, further analysis of Pond C-1 surface 
sediment identified an HQ for the ESL is 2, while the HQ for the AT is c1. Low 
frequencies of AT exceedances suggest that the potential for adverse effects to benthic 
macroinvertebrate receptors from iron in sediments at Pond C-1 is unlikely. In addition, 
the MDC for iron was within the range of background conditions. The combined lines of 
evidence indicate that the risk attributable to iron would be low and within the range of 
background. 

Results for the available chemical LOEs for iron indicates that UCL EPC does not exceed 
the ESL, there is a very low frequency and magnitude of exceedances (Le., only 
23 percent of samples exceeded the ESL and the all HQs were < 5), and minimal 
occurrence of exceedances within aquatic habitat areas. Additionally, the MDC, UCL, 
and UTL EPCs for the surface sediment data set do not exceed the AT. Iron is an almost 
universally-present constituent of background soils. The weight-of evidence conclusion is 
that there is no or low potential for adverse effects to aquatic life attributable to this 
ECOPC. 

Lead 

The MDC for lead in WC AEU sediments (1 18 mgkg) exceeded the screening ESL 
(35.8 mgkg). A total of 13 samples (all detected of 88 samples) from WC sediments 
exceeded the screening ESL for lead. These samples were collected between July 1991 
and March 2004. The relatively low frequency of exceedances by detected concentrations 
(15 percent) suggests that potential adverse effects may not be widely distributed. 

0 

0 

ESL-HQ for UCL EPC from the comprehensive sediment data set was c 1 and UTL only 
slightly over 1 (Table 5.15). The AT for lead is a PEC value of 128 mgkg (MacDonald et 
a]. 2000a) (Attachment 5). AT HQs for UCL, UTL and MDC EPCs were c 1 . 

Lead was detected in all of the samples. The concentration distribution is provided in 
Figure 5.85. As depicted in this figure, the average falls below the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 13 of 88 
(15 percent) (Table 5.17). Additionally, HQs for all detected samples that exceeded the 
ESL were between 1 and 5. Given the low frequency and magnitude of exceedance there 
is a low potential for risk from lead to aquatic populations within the WC AEU. 

The spatial distribution of lead concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.181. As shown within this Figure, six locations within the channel and 
one within Pond C-1 had measured concentrations greater than the ESL. The remaining 
locations were all below the ESL. The seven locations with measured values greater than 
the ESL represent approximately 23 percent of the data within the true aquatic habitat 
areas. The remaining 77 percent occur below the ESL or were nondetects. This spatial 
extent of lead does not indicate a potential for risk to benthic populations within the 
wc AEU. 
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The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of cadmium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (1 18 mgkg) is greater than the ESL but not the AT, and the arithmetic average 
(24.8 mgkg) is less than both the ESL and AT'(Attachment 6). 

The adjacent surface soil results included 71 samples for lead, all detected, with an MDC 
of 300 mgkg. The MDC exceeded both the ESL and AT. However, average soil lead 
values (18 mgkg) were lower than ESL and AT levels. 

Lead was detected in surface water and was eliminated from the surface water ECOPC 
process due to being statistically similar to background levels. In addition, this chemical 
was not identified as an ECOPC for the pond-specific evaluations (Attachment 8) 
indicating that lead does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for lead indicates that the UCL EPC does not 
exceed the ESL and there is a relatively low frequency and magnitude of exceedances 
(i-e., only 15 percent of samples exceeded the ESL and all HQs were < 5), and minimal 
Occurrence of exceedances within aquatic habitat areas. The MDC for the surface 
sediment data set exceeded the ESL but not the AT. Therefore, the weight-of evidence 
conclusion is that there is a no or low and uncertain potential for adverse effects to 
aquatic life attributable to this ECOPC. 

Mercury 

The MDC for mercury in WC AEU sediments (3.8 mgkg) exceeded the screening ESL 
(0.18 mgkg). A total of 8 samples (24 detected of 86 samples) from.WC sediments 
exceeded the screening ESL for mercury. These samples were collected between July 
1991 and March 2004. The low frequency of exceedances by detected concentrations 
(9 percent) suggests that potential adverse effects may not be widely distributed. 

The ESL-HQ for the UCL and UTL EPCs from the comprehensive sediment data set 
were > 1 (Table 5.15). The AT for mercury is a PEC of 1.06 mgkg (MacDonald et al 
2000a) (Attachment 5).The AT HQ for the UCL was < 1. 

Mercury was detected in 28 percent of the samples. The concentration distribution is 
provided in Figure 5.86. As depicted in this figure, the average is very similar to the ESL 
value, and the majority of the data fall below the ESL. Specifically, the frequency of 
exceedance for the ESL was 8 of 86 (8 percent) (Table 5.17). Additionally, HQs for 3 
detected samples that exceeded the ESL were between 1 and 5 and 5 were greater than 5. 
Given the low frequency but higher magnitude of exceedance there remains a low 
potential for risk from mercury to aquatic populations within the WC AEU. 

The spatial distribution of mercury concentrations relative to the CRA Methodology ESL 
is shown in Figure 2.182. As shown within this figure, there were three locations within 
Pond C-1 and three locations within Pond C-2 with measured concentrations greater than 
the ESL. The six locations with measured values greater than the ESL represent 
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approximately 21 percent of the data within theb-ue aquatic habitat areas. The remaining 
79 percent occur below the ESL or were nondetects. The results identify a concentration 
of mercury within habitat areas (Ponds C-1 and C-2) that requires further evaluation. The 
results presented within this figure represent the findings from all sediment analysis (all 
depth fractions). Further analysis of the spatial extent within surface sediment for Ponds 
C-1 and C-2 (Figure A8.66) indicated mercury was detected at concentrations less than 
the ESL at all locations except three within Pond C-2, while all four locations within 
Pond C-1 were less than the ESL. This spatial extent of mercury indicates the need for 
further analysis of pond surface sediment risk conditions in regards to mercury (provided 
below and within Attachment 8). 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of mercury in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (3.8 mgkg) is greater than the AT, but the arithmetic average (0.196 mgkg) is less 
than the AT (Attachment 6). 

The adjacent surface soi1,results included 70 samples for mercury, 40 detected, with an 
MDC of 0.21 mgkg. The MDC only slightly exceeded the ESL but was less than the AT. 
In addition, average soil mercury values were lower than both the ESL and AT levels. 

Mercury was detected in surface water and was eliminated from the surface water 
ECOPC process due to having an EPC (UTL) less than the ESL. 

Mercury was identified as an ECOPC for the pond-specific evaluations of Pond C-1 and 
C-2. However, further analysis of Pond C-1 surface sediment identified an HQ for the 
ESL is 8, while the HQ for the AT is 1. The surface sediment HQ for the Pond C-2 ESL 
is 4, while the HQ for the AT is 1. The potential for adverse effects is also uncertain at 
concentrations greater than this ESL, and below the consensus based probable effects 
concentration (PEC; 1.06 mgkg). Given the uncertainty associated with mercury ESLs 
the potential for risks can not be excluded; however, it is not considered likely if fewer 
than 20 percent of samples exceed the ESL. Review of the data on a point by point basis 
indicated that each measured mercury result was equal or less than the AT value. Within 
Pond C-1, three of the eight locations had measured values greater than the ESL, the 
remaining were less than the ESL. Within Pond C-2, three of the eight locations had 
measured values greater than the ESL, the remaining were less than the ESL. The 
combined lines of evidence indicate that the risk attributable to mercury is low and within 
the range of background. The combined lines of evidence indicate that the risk 
attributable to mercury is low. 

Results for the available chemical LOEs for mercury indicate that the UCL and UTL 
EPCs exceed the ESL but only the UTL exceeds the AT. There is a very low frequency 
and magnitude of exceedances (i.e., only 9 percent of samples exceeded the ESL and the 
most HQs were < lo), and minimal occurrence of exceedances within aquatic habitat 
areas. The surface sediment MDC exceeds the AT, but the adjacent soils do not. 
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Therefore, the weight-of evidence conclusion is that there remains a low potential for 
adverse effects to aquatic life attributable to this ECOPC. 

Nickel 

The MDC for nickel in WC AEU sediments (33 mgkg) slightly exceeded the screening 
ESL (22.7 mgkg). A total of only 8 samples (76 detected of 88 samples) from WC 
sediments exceeded the screening ESL for nickel. These samples were collected between 
July 1991 and March 2004. The low frequency of exceedances by detected 
concentrations (9 percent) suggests that potential adverse effects may not be widely 
distributed. 

The ESL-HQs for UCL EPC from the comprehensive sediment data set was < 1 and the 
ESL-HQ for UTL was only 1.1 (Table 5.15). The AT for nickel is a PEC of 48.6 mgkg 
(MacDonald et al., 2000a) (Attachment 5). AT HQs for UCL and UTL EPCs and the 
MDC were all e 1.  

Nickel was detected in 86 percent of the samples. The concentration distribution is 
provided in Figure 5.87. As depicted in this figure, the average falls below the ESL value, 
as does the majority of the data. Specifically, the frequency of exceedance for the ESL 
was 8 of 88 (9 percent) (Table 5.17). Additionally, HQs for all of the detected samples 
that exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from nickel to aquatic populations within the 
wc m u .  

The spatial distribution of nickel concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.183. As shown within this Figure only three locations with measured 
concentrations greater than the ESL occurred within true aquatic habitat areas (two 
locations within the channel and one within Pond C-1). The remaining sample locations 
all had measured concentrations less than the ESL. The three locations with measured 
values greater than the ESL represent approximately 10 percent of the data within the true 
aquatic habitat areas. The remaining 90 percent occur below the ESL or were nondetects. 
This spatial extent of nickel does not indicate a potential for risk to benthic populations 
within the WC AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of nickel in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (33 mgkg) is greater than the ESL but not the AT, and the arithmetic average 
(13.2 mgkg) is less than both the ESL and AT (Attachment 6). 

The adjacent surface soil results included 71 samples for nickel, 69 detected, with an 
MDC of 68 mgkg. The MDC exceeded the ESL and AT. However, average soil nickel 
values (12 mgkg) were lower than ESL and AT levels. 

Nickel was detected in surface water in 32 of 294 samples, and was eliminated from the 
surface water ECOPC process due to having an MDC less than the ESL. In addition, this 
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chemical was not identified as an ECOPC for the pond-specific evaluations (Attachment 
8) indicating that nickel does not pose a risk concern to isolated habitat areas. 0 
Results for the available chemical LOEs for nickel indicates that the UCL EPC does not 
exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 9 percent of samples exceeded the ESL and all HQs were < 5), and minimal 
Occurrence of exceedances within aquatic habitat areas. The MDC for the surface 
sediment data set exceeds the ESL but not the AT. Therefore, the weight-of evidence 
conclusion is that there is no or low potential for adverse effects to aquatic life 
attributable to this ECOPC. 

Selenium 

The MDC for selenium in WC AEU sediments (3.8 mg/kg) exceeded the screening ESL 
(0.95 mgkg). A total of 12 samples (33 detected of 80 samples) from WC sediments 
exceeded the screening ESL for selenium. These samples were collected between July 
1991 and March 2004. The low frequency of exceedances by detected concentrations 
(15 percent) suggests that potential adverse effects may not be widely distributed. 

The ESL-HQ for the UCL EPC from the comprehensive sediment data set were < 1 and 
the UTL HQ was only 2 (Table 5.15). The AT for selenium is a median-effect level SQG 
of 1.73 mgkg (MacDonald et al., 2000a) (Attachment 5). AT HQs for UCL and UTL 
EPCs were < 1 and the AT HQ for the MDC was < 3. 

Selenium was detected in 41 percent of the samples. The concentration distribution is 
provided in Figure 5.88. Specifically, the frequency of exceedance for the ESL was 12 of 
88 (15 percent) (Table 5.17). Additionally, HQs for all of the detected samples that 
exceeded the ESL were between 1 and 5. Given the low frequency and magnitude of 
exceedance there is a low potential for risk from selenium to aquatic populations within 
the WC AEU. 

0 

The spatial distribution of selenium concentrations relative to the CRA Methodology 
ESL is shown in Figure 2.184. As shown within this figure, there were five locations 
within Pond C-1 and one location within Pond C-2 with measured concentrations greater 
than the ESL. In addition, there are five within channel areas with measured 
concentrations greater than the ESL. The locations with measured values greater than the 
ESL represent approximately 37 percent of the data within the true aquatic habitat areas. 
The remaining 63 percent occur below the ESL or were nondetects. The results identify a 
concentration of selenium within habitat areas (Pond C-1) that requires further 
evaluation. The results presented within this figure represent the findings from all 
sediment analysis (all depth fractions). Further analysis of the spatial extent within 
surface sediment for Ponds C-1 and C-2 (Figure A8.68) indicated selenium was detected 
at concentrations less than the ESL at all locations except two within Pond C-2, while 
two of the four locations within Pond C-1 were all greater than the ESL. This spatial 
extent of selenium indicates the need for further analysis of pond surface sediment risk 
conditions (provided below and within Attachment 8). 

0 
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The surface 'sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of selenium in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (3.8 mgkg) is greater than the ESL and AT, but the arithmetic average 
(0.638 mg/kg) is less than the ESL and AT (Attachment 6). 

The'adjacent surface soil results included 71 samples for selenium, 6 detected, with an 
MDC of 2 mgkg. The MDC exceeded the ESL but not the AT. In addition, average soil 
selenium values (0.39 mgkg) were lower than ESL and AT levels. 

Selenium was detected in surface water and was eliminated from the surface water 
ECOPC process due to having an EPC (UTL) less than the ESL. 

Selenium was identified as an ECOPC for the pond-specific evaluations of Pond C-1. 
However, further analysis of Pond C-1 surface sediment identified an HQ for the ESL is 
3, while the HQ for the AT is 1. Review of the data on a point by point basis indicated 
that each measured selenium, result was less than the AT value. Within Pond C-1, two of 
the four locations had measured values greater than the ESL, the remaining were 
nondetect. The combined lines of evidence indicate that the risk attributable to selenium 
is low. 

Results for the available chemical LOEs for selenium indicates that the UCL EPC does 
not exceed the ESL and there is a very low frequency and magnitude of exceedances (i.e., 
only 9 percent of samples exceeded the ESL and the all HQs were < 5),  and minimal 
occurrence of exceedances within aquatic habitat areas. However, the MDC for the 
surface sediment data set exceeds the ESL and AT. Therefore, the weight-of evidence 
conclusion is that there remains a low and uncertain potential for adverse effects to 
aquatic life attributable to this ECOPC. 

Silver 

The MDC for silver in WC AEU sediments (7.7 mgkg) exceeded the screening ESL 
(1 mgkg). A total of 9 detected samples (1 1 detected of 83 samples) from WC sediments 
exceeded the screening ESL for silver. These samples were collected between July 1991 
and March 2004. The relatively low frequency of exceedances by detected concentrations 
(1 1 percent) suggests that potential adverse effects may not be widely distributed. 

ESL-HQs for the UCL from the comprehensive sediment data set was < 1 (Table 5.15). 
The AT for silver is a TNRCC reservoir guideline, distribution-based benchmark, of 
1.6 mgkg (TNRCC 1996 reported in MacDonald et al. 1999) (Attachment 5). The AT 
HQ for the UCL was < 1 and the AT HQ for the UTL was < 2. 

Silver was detected in only 13 percent of the samples. The concentration distribution is 
provided in Figure 5.89. As depicted in this figure, the average falls below the ESL value 
as do most of the values. The frequency of exceedance for the ESL was 9 of 83 
(1 1 percent) (Table 5.17). Additionally, HQs for 7 of the 9 detected samples were 
between 1 and 5, with only 2 over 5. Given the low frequency and only slightly level of 
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exceedance there remains only a low potential for risk from silver to aquatic populations 
within the WC AEU. Risk uncertainty can be attributed to the exceedances by nondetects 
(Table 5.17). 

0 
The spatial distribution of silver concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.185. As shown within this figure, only three locations within true 
aquatic habitat settings (one within Pond C-1 and two within the channel) had measured 
concentrations greater than the ESL. The remaining locations had values at nondetect 
levels. The three locations with measured values greater than the ESL represent 
approximately 11 percent of the data within the true aquatic habitat areas. The remaining 
89 percent occur below the ESL or were nondetects. This spatial extent of selenium does 
not indicate a potential for risk to benthic populations within the WC AEU. 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of silver in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (7.7 mgkg) is greater than the ESL and AT, but the arithmetic average 
(0.852 mgkg) is also lower than the ESL and AT (Attachment 6). 

The adjacent surface soil results included 71 samples for silver, 25 detected, with an 
MDC of 3 mgkg. The MDC exceeds the ESL or AT slightly. However, average soil 
silver values (0.47 mgkg) were lower than both the ESL and AT. 

Silver was detected in surface water and waseliminated from the surface water ECOPC 
process due to having an EPC (UTL) less than the ESL. In addition, this chemical was 
not identified as an ECOPC for the pond-specific evaluations (Attachment 8) indicating 
that silver does not pose a risk concern to isolated habitat areas. 

Results for the available chemical LOEs for silver indicated that the UCL and UTL EPCs 
both exceeded the ESL slightly, there is a very low frequency and magnitude of 
exceedances (Le., only 11 percent of samples exceeded the ESL and most of the HQs 
were < 5), and minimal occurrence of exceedances within aquatic habitat areas. The 
MDC for the surface sediment data exceeded ESL and AT benchmarks. Therefore, the 
weight-of evidence conclusion is that low and uncertain potential for adverse effects to 
aquatic life remains attributable to this ECOPC. 

Zinc 
The MDC for zinc in WC AEU sediments (2,080 mgkg) exceeded the screening ESL 
(121 mgkg). A total of 22 samples (all detected of 88 samples) from WC sediments 
exceeded the screening ESL for zinc. These samples were collected between July 1991 
and March 2004. The relatively elevated frequency of exceedances by detected 
concentrations (25 percent) suggests that adverse effects can not be excluded. 

ESL-HQs for UCL and UTL EPCs from the comprehensive sediment data set were <1 
and 1, respectively (Table 5.15). The AT for zinc is a consensus-based PEC of 459 mgkg 0 
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(MacDonald et al. 2000a) (Attachment 5).AT HQs for UCL and UTL EPCs were < 1 and 
the AT HQ for the MDC was 5. 

Zinc was detected in all samples. The concentration distribution is provided in 
Figure 5.90. As depicted in this figure, the average falls above the ESL value, as does the 
majority of the data. Specifically, the frequency of exceedance for the ESL was 22 of 88 
(25 percent) (Table 5.17). Additionally, HQs for 18 of the 22 detected samples that 
exceeded the ESL were between 1 and 5, with 3 between 5 and 10 and only 1 over 10. 
Given the medium frequency and magnitude of exceedance there remains a small 
potential for risk from zinc to aquatic populations within the WC AEU. 

The spatial distribution of zinc concentrations relative to the CRA Methodology ESL is 
shown in Figure 2.186. As shown within this figure, there is one location within Pond C- 
1 and three locations within Pond C-2 with measured concentrations greater than the 
ESL. There were three locations within the channel that also had measured 
concentrations greater than the ESL. The seven locations with measured values greater 
than the ESL represent approximately 23 percent of the data within the true aquatic 
habitat areas. The remaining 77 percent occur below the ESL or were nondetects. The 
results identify a concentration of zinc within habitat areas (Ponds C-1 and C-2) that 
requires further evaluation. The results presented within this Figure represent the findings 
from all sediment analysis (all depth fractions). Further analysis of the spatial extent 
within surface sediment for Ponds C-1 and C-2 (Figure A8.69) indicated zinc was 
detected at concentrations less than the ESL at all locations except three within Pond C-2, 
while only one location within Pond C-1 was less than the ESL. This spatial extent of 
zinc indicates the need for further analysis of pond surface sediment risk conditions in 
regards to barium (provided below and within Attachment 8). 

The surface sediment fraction (excluding fractions greater than 6 inches deep) is more 
relevant as an exposure medium for aquatic organisms than deeper sediments and 
concentrations of zinc in surface sediments were reviewed as part of the risk 
characterization. Surface sediment concentrations for all of the WC AEU indicate that the 
MDC (2,080 mgkg) is greater than the ESL and AT, but the arithmetic average 
(139 mgkg) is less than the AT (Attachment 6). 

The adjacent surface soil results included 71 samples for zinc, all detected, with an MDC 
of 489 mgkg. The MDC exceeds the ESL and but the AT only slightly. 

Zinc was detected in surface water was eliminated from the surface water ECOPC 
process due to being statistically similar to background levels. 

Zinc was identified as an ECOPC for the pond-specific evaluations of Pond C-2. 
However, further analysis of Pond C-2 surface sediment identified an HQ for the ESL is 
2, while the HQ for the AT is 4. Review of the data on a point by point basis indicated 
that each measured zinc result was less than the AT value. Within Pond C-2, three of the 
eight locations had measured values greater than the ESL, the remaining were less than 
the ESL. In addition, the MDC for zinc was within the range of background conditions. 

128 
. !  



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Studv - Feasibilitv Revort 

Appendix A, Volume 15B2 
Aauatic Exvosure Units 

The combined lines of evidence indicate that the risk attributable to zinc is low and 
within the range of background. 0 
Results for the available chemical LOEs for zinc indicates that the UCL and UTL EPCs 
exceed the ESL and there is a medium frequency and magnitude of exceedances (with 
some HQs > 5),  but with minimal occurrence of exceedances within aquatic habitat areas. 
Therefore, the weight-of evidence conclusion is that there remains a small potential for 
adverse effects to aquatic life attributable to this ECOPC based on chemistry, alone. 

4-Methylphenol 

The MDC for 4-methylphenol in WC AEU sediment (510 pgkg) exceeded the screening 
ESL (12.3 pgkg). ESL-HQ for UTL-EPCs from the comprehensive sediment data set 
was greater than 1 (Table 5.15). The AT for 4-methylphenol is 670 pgkg, Washington 
State Sediment Quality Guideline (Ginn and Pastorak, 1992). All AT-HQs were < 1. The 
lack of AT exceedances by EPCs suggests that 4-methylphenol in sediment at WC AEU 
occur within the range of uncertain toxicity where the potential for adverse effects is 
possible. 

The concentration distribution for 4-methylphenol is provided in Figure 5.91. As depicted 
in this figure, the ESL is lower than all reported values, which include both detected and 
nondetected concentrations. Nondetected concentrations greater than the ESL indicate 
inadequately low detection limits and contributes to uncertainty regarding the potential 
for risk. An evaluation of the uncertainty associated with the detection limits is provided 
in Section 6. All 4 detected samples (61 total samples) exceeded the screening ESL 
(Table 5.17). These samples were collected between August 1991 and July 1992. Two of 
these detected concentrations had HQs greater than 10. In addition, 57 concentrations 
(93 percent) below detection limits also exceeded the ESL with HQs greater than 10. The 
law frequency of exceedances by detected concentrations (7 percent) suggests there is a 
low potential for risk from 4-methylphenol to benthic populations within the WC AEU. 

0 

The spatial distribution of this ECOPC does not indicate a potential for risk to benthic 
populations within the WC AEU (Figure 2.187). Concentrations exceeding the ESL are 
isolated outside of true aquatic habitat areas with the exception of one location within 
Pond C-1 and one within the channel. The two locations with measured values greater 
than the ESL represent approximately 11 percent of the data within the true aquatic 
habitat areas. The remaining 89 percent occur below the ESL or were nondetects. This 
spatial extent of detected measures of 4-methylphenol does not indicate a potential for 
risk to benthic populations within the WC AEU. 

MDC-HQs were unchanged in the surface sediment (0-6 inches) data set (Table 5.16). 

The potential contribution of 4-methylphenol in surface soils to WC AEU sediment is 
uncertain because concentrations were below detection limits in all soil samples collected 
adjacent to Woman Creek (Attachment 6, Table A6.28). 
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' 4-Methylphenol was not detected in surface water. In addition, this chemical was not 
identified as an ECOPC for the pond-specific evaluations (Attachment 8) indicating that 
4-methylphenol does not pose a risk concern to isolated habitat areas. 

Chemical toxicity comparisons to sediment samples found the magnitude of exceedances 
was greater than 10 for some detected concentrations; however, there was a low 
frequency of these exceedances, lack of AT exceedances, and minimal spatial extent of 
elevated concentrations of acenaphthene within aquatic habitat areas. There is also 
uncertainty regarding the potential for risk conclusion due to inadequate detection limits 
driving ESL exceedances based nondetected concentrations. The weight-of evidence 
conclusion for chemical LOEs is that there is a low but uncertain potential for risk to 
benthic populations from 4-methylphenol in sediment at WC AEU. 

Heptachlor 

The MDC for heptachlor in WC AEU sediment (3.1 pgkg) exceeded the screening ESL 
(0.132 pgkg). UCL and UTL-EPCs were 4 and 189, respectively (Table 5.15). The AT 
for heptachlor is 16 pgkg, a TET (MacDonald, et al. 2000b). The AT-HQ for the MDC 
was not > 1.  The lack of AT exceedances by EPCs suggests that heptachlor in sediment at 
WC AEU occur within the range of uncertain toxicity where the potential for adverse 
effects is possible. 

The concentration distribution for heptachlor is provided in Figure 5.101. As depicted in 
this figure, the ESL is lower than almost all reported values, which include both detected 
and nondetected concentrations. Nondetected concentrations greater than the ESL 
indicate inadequately low detection limits and contributes to uncertainty regarding the 
potential for risk. An evaluation of the uncertainty associated with the detection limits are 
provided in Section 6. Only one detected sample (3 detected of 59 samples) exceeded the 
screening ESL (Table 5.17). This sample was collected in February 1992 and had an 
ESL-HQ of 23. A total of 53 nondetected concentrations (95 percent) also exceeded the 
ESL. The low frequency of exceedances by detected concentrations (2 percent) suggests 
there is a low potential for risk from heptachlor to benthic populations within the 
wc AEU. 

The spatial distribution of this ECOPC does not indicate a potential for risk to benthic 
populations within the WC AEU (Figure 2.199). Concentrations exceeding the ESL are 
isolated outside of true aquatic habitat settings with the exception of one location within 
the channel. This spatial extent of heptachlor does not indicate a potential for risk to 
benthic populations within the WC AEU. 

MDC-HQs were unchanged in the surface sediment data set (Table 5.16). 

The potential contribution of heptachlor in surface soils to WC AEU sediment is 
uncertain because concentrations were below detection limits in all soil samples collected 
adjacent to Woman Creek (Attachment 6). 

Heptachlor was not identified as an ECOPC for the pond-specific evaluations 
(Attachment 8) indicating that heptachlor does not pose a risk concern to isolated habitat 
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Chemical toxicity comparisons to sediment samples found a low frequency of ESL 
exceedances and the MDC did not exceed the AT benchmark. In addition, there was 
minimal spatial extent of elevated concentrations of heptachlor within aquatic habitat 
areas. There is further uncertainty regarding the potential for risk conclusion due to 
inadequate detection limits driving ESL exceedances based nondetected concentrations. 
The weight-of evidence conclusion for chemical LOEs is that there is a low but uncertain 
potential for risk to benthic populations from heptachlor in sediment at WC AEU. 
PAHs 

The MDC for total PAHs in WC AEU sediment (17,130 pgkg) exceeded the screening 
ESL (1,610 pgkg). UTL-EPCs also exceeded the ESL (Table 5.15). The AT for total 
PAHs is 22,800 pgkg, a CB-PEC (MacDonald, et al. 2000a).The lack of AT 
exceedances by EPCs suggests that total PAHs in sediment at WC AEU occur within the 
range of uncertain toxicity where the potential for adverse effects is possible, but not 
probable. 

Further analysis revealed the MDC in surface (0-6 inches) sediment (17,130 pgkg) was 
identical to the comprehensive data MDC and therefore exceeded the screening ESL, but 
was less than the AT (Table 5.16). Total PAHs in surface sediment samples from 
Pond C-1 were detected at four locations, ranging from 790 to 2,510 pg/kg. The MDC- 
HQ for Pond C-1 surface sediments was slightly greater than one (2), but the AT-HQ was 
<1. 

The number of detected concentrations exceeding the screening ESL for total PAHs is 
shown in Table 5.17. While there were a high frequency of total PAH concentrations 
exceeding the ESL (75 percent), these HQs were all less than 10. Therefore, due to the 
lack of AT exceedances, and low magnitude ESL exceedances, these chemical lines of 
evidence indicate that the risk attributable to total PAHs in WC AEU sediment is low. 

The MDC for 1 1 individual PAHs (acenaphthene, anthracene, benzo[a]anthracene, 
benzo[a]pyrene, benzo[g,h,i]perylene, benzo[k]fluoranthene, chrysene, fluoranthene, 
indenor 1 ,2,3-cd]pyrene7 phenanthrene, and pyrene) in WC AEU sediment exceeded their 
respective screening ESLs. 

Screening ESL-HQs were also > 1 UTL-EPCs from the comprehensive sediment data set 
for all PAHs (Table 5.15). These samples were collected between August 1991 and July 
2005. UCL and UTL-EPCs for eight PAHs did not exceed the AT benchmark 
(anthracene, benzo[a]anthracene, benzo[a]pyrene, benzo[k]fluoranthene, chrysene, 
fluoranthene, phenanthrene, pyrene). The other three (acenaphthene, 
benzo[g,h,i]perylene, and indeno[l72,3-cd]pyene) exceeded the AT, but with HQs 5 6. 
The low or lack of AT exceedances by EPCs indicates that PAHs in sediment at 
WC AEU generally occur within the range of uncertain toxicity where the potential for 
adverse effects is possible, but not probable. 
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Concentration distributions for PAHs are provided in Figures 5.92. 5.93,5.95 through 
5.100 and 5.102 through 5.104.. Nondetected concentrations greater than the ESLs 
identify an uncertainty regarding the potential for risk. 

Surface sediment MDCs for all PAHs were not different from those in the comprehensive 
data, so MDC-HQs were unchanged (Table 5.16). UCL and UTL-EPCs were also only 
slightly lower or slightly higher than for the comprehensive data. 

The number of detected and nondetected concentrations exceeding the screening ESL is 
shown in Table 5.17. All PAHs had fewer than 14 percent of samples exceeding the ESL 
by detected concentrations. Anthracene, benzo(a)pyrene, benzo(g,h,i)perylene, 
benzo[k]fluoranthene, chrysene, fluoranthene, indeno( 1 ,2,3-cd)pyrene7 and pyrene did 
not have detected concentrations with ESL-HQs greater than 10. All but 
benzo[k]fluoranthene, and fluoranthene had detected concentrations with ESL-HQs 
greater than 5. The low frequency of exceedances by detected concentrations suggests 
there is a low potential for risk from PAHs to benthic populations within the WC AEU. 
However, there is low confidence in this conclusion due to the uncertainty from 
inadequately low detection limits for a significant proportion of samples that exceeded 
ESLs. 

The spatial distribution of individual PAHs in sediment does not generally indicate a 
potential for risk to benthic populations within the WC AEU (Figures 2.189,2.190,2.193 
through 2.198 and 2.200 through 2.202). Total PAH calculated values by sample location 
as compared to the ESL is provided in Figure 2.188. Infrequent exceedances for some 
PAHs were not clustered in small areas that would indicate hot-spots and were limited 
within true aquatic habitat areas6. Results presented within the figures include all 
sediment depth fractions. Further analyses of ECOPCs in Pond C-1 , where individual 
PAHs were found to exceed ESLs, indicated that almost all of these detected 
concentrations that exceeded ESLs were from sub-surface sediment samples. Sediment 
from more than, 6 inches below the surface is not biologically available and represents an 
incomplete exposure pathway to benthic organisms. Further evaluation of sediment 
ECOPCs occurring in WC AEU ponds is provided in Attachment 8, where it was 
concluded that PAHs pose a low likelihood of risk to benthic invertebrates in WC AEU 
ponds. 

The potential contribution to future sediments (from adjacent surface soils) from six 
PAHs (acenaphthene, anthracene, benzo[a]anthracene, benzo[g,h,i]perylene, 
benzo[k]fluoranthene, and indeno[ 1,2,3cd]pyrene) in surface soils adjacent to WC AEU 
is uncertain, because concentrations were below detection limits (Attachment 6). PAH 
concentrations in surface soils were less than the ESLs for the remaining 5 PAHs 
(benzo[a]anthracene, chrysene, fluoranthene, phenanthrene, and pyrene). There is much 
uncertainty in extrapolating potential future sediment contamination issues based on 

‘True aquatic habitat areas’ include the main stream channel and ponds. Samples from ephemeral habitat, 
overland flow, and ditches are not considered representative of true habitat (Figure 1.7). 
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nearby soil chemistry; however, these data suggest that potential contribution of surface 
soils to the WC AEU is unlikely to adversely affect benthic organisms. 0 
Chemical toxicity comparisons to sediment samples found the magnitude of exceedances 
was greater than 10 for some detected concentrations; however, there was a low 
frequency of these exceedances, and minimal spatial extent of elevated concentrations 
within aquatic habitat areas. There is uncertainty regarding the potential for risk 
conclusion due to detection limit exceedances as compared to the ESL. The weight-of 
evidence conclusion for chemical LOEs is that there is a low but uncertain potential for 
risk to benthic populations from individual PAHs in sediment at WC AEU. 

Confidence in these individual PAH risk characterizations is also low when total PAHs 
do no exceed the ESL or AT. Screening ESLs for individual PAHs are derived from 
multiple sources with varying endpoints and organisms sensitivities. The consensus- 
based TEC (MacDonald et al. 2000a) used as the total PAH-ESL is a conservative 
estimate of the toxicity threshold where adverse effects are not expected to occur in most 
sediment types. There is the highest confidence in this benchmark, which is based on a 
review of several sources and has a high degree of accurately predicting the absence of 
toxicity. Likewise, the AT benchmark for total PAHs is a good predictor of when adverse 
effects are likely. The potential for adverse effects is uncertain for concentrations 
between these benchmarks. 

Total-PAHs evaluate the potential for effects for all PAHs, not only those with known 
screening benchmarks. The’additive toxicity from PAHs is also addressed by total-PAH 
benchmarks. In these respects the total-PAH screen has less uncertainty than individual 
PAH constituent evaluations. 

0 

The weight-of evidence conclusion for chemical LOEs is that there is a low potential for 
risk to benthic macroinvertebrates from PAHs in sediment at WC AEU. There is low 
confidence in this conclusion due to the uncertainty associated with a large number of 
samples with nondetected concentrations above the ESL. However, no total-PAHs and 
few individual PAHs exceeded the AT benchmark where the potential for risks is 
probable. The majority of ESL exceedances from individual PAHs were found in pond C- 
1 ; although these exceedances were widely dispersed and associated with sub-surface 
sediments. 

PCBs 

The MDC for total PCBs in WC AEU sediment (250 pgkg) exceeded the screening ESL 
(40 pgkg). UCL and UTL-EPCs were <1 and 13, respectively (Table 5.15). The AT for 
total PCBs is 676 pgkg, a CB-PEC (MacDonald et al. 2000a). The AT-HQ for the MDC 
was less than 1. The lack of AT exceedances suggests that total PCBs in sediment at 
WC AEU occur within the range of uncertain toxicity where the potential for adverse 
effects is possible. 

Further analysis of maximum detected total concentrations in surface sediment 
(Table 5.16) reveal the MDC (94 pgkg) exceeded the screening ESL, but was less than 0 
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the AT. This suggests that total PCBs in sediment occur within the range of uncertain 
toxicity. 

Total PCBs were evaluated for Pond C-1 and found to have a total detected maximum 
concentration of 94 pgkg attributable to Aroclor-1254. This value exceeds the total PCB 
ESL of 40 but is less than the total PCB AT of 676 pgkg. The surface sediment HQ for 
the ESL is 2, while the HQ for the AT is 4. The ESL was based on a consensus-based 
TEC (MacDonald et al. 2000), at which the potential for adverse effects are first 
observed. Validation of this benchmark found that 82 percent of samples (n=139) below 
this concentration were accurately predicted to be nontoxic to benthic 
macroinvertebrates. The potential for adverse effects is uncertain at concentrations 
greater than this ESL and below the consensus-based PEC (676 pgkg). Therefore, it is 
unlikely that total PCBs pose an unacceptable risk to benthic populations that inhabit 
Pond C-1 . 

The MDC for Aroclor-1254 in WC AEU sediment (250 pg/kg) exceeded the screening 
ESL (60 pg/kg). UCL and UTL-EPCs from the comprehensive sediment data set equaled 
the MDC and so all were 4 (Table 5.15). The AT for Aroclor-1254 is 300 pg/kg, a TET 
(MacDonald, et al. 2000b). The AT-HQs were < 1. The lack of AT exceedances suggests 
that Aroclor-1254 in sediment at WC AEU occur within the range of uncertain toxicity 
where the potential for adverse effects is possible. 

The concentration distribution for Aroclor-1254 is provided in Figure 5.9. As depicted in 
this figure, the ESL is lower than most reported values, which include both detected and 
nondetected concentrations. Nondetected concentrations greater than the ESL indicate 
inadequately low detection limits and contributes to uncertainty regarding the potential 
for risk. A total of 9 detected samples (12 detected of 69 samples) exceeded the screening 
ESL (Table 5.17). These samples were collected between September 1991 and July 2005. 
Detected exceedances had HQs ranging from 2 to 65. A total of 55 nondetected 
concentrations (80 percent) also exceeded the ESL. The low frequency of exceedances by 
detected concentrations (13 percent) suggests there is a low potential for risk from 
Aroclor-1254 to benthic populations within the WC AEU. 

The spatial distribution of this ECOPC does not indicate a potential for risk to benthic 
populations within the WC AEU (Figure 2.192). Total PCB calculated sample location 
results as compared to the ESL is provided in Figure 2.191. Concentrations exceeding the 
ESL occur only occur within Pond C-1 indicating the need for further evaluation of 
surface sediment risk conditions. Results of surface sediment spatial extent (are shown in 
Figure A8.8 1) indicate there are four locations within Pond C-1 with concentrations 
greater than the ESL. Further evaluation is provided below and within Attachment 8. 

MDC-HQs in the surface sediment data set were unchanged from the comprehensive data 
set (Table 5.16). 

The MDC for Aroclor-1254 in soil adjacent to Woman Creek (8.2 pgkg) is less than the 
sediment ESL (Attachment 6, Table A6.28). There is much uncertainty in extrapolating 
potential future sediment contamination issues based on nearby soil chemistry; however, 
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these data suggest that potential contribution of Aroclor-1254 in surface soils to the 
WC AEU is unlikely to adversely affect benthic organisms. 0 
Aroclor-1254 was not detected in surface water. This indicates that there is an incomplete 
fate and transport pathway between the sediment and surface water media. 

Aroclor-1254 was identified as an ECOPC for the pond-specific evaluations of Pond C-1. 
However, further analysis of Pond C-1 surface sediment identified an HQ for the ESL is 
2, while the HQ for the AT is 4. The potential for adverse effects is uncertain at 
concentrations greater than this ESL and below the consensus-based PEC (300 pgkg). 
Therefore, it is unlikely that Aroclor-1254, exceeding the ESL by a small amount, poses 
an unacceptable risk to benthic populations that inhabit Pond C-1. 

PCB concentration comparisons to sediment samples found a low frequency of ESL 
exceedances and EPCs did not exceed the AT benchmark. Therefore, the potential for 
adverse effects could not be excluded, but are uncertain. In addition, there was minimal 
spatial extent of elevated concentrations of PCBs within aquatic habitat areas. There is 
further uncertainty regarding the potential for risk conclusion due to inadequate detection 
limits driving ESL exceedances based nondetected concentrations. The weight-of 
evidence conclusion for chemical LOEs is that there is a low but uncertain potential for 
risk to benthic populations from PCBs in sediment at WC AEU. 

OthedDrainage Specific Lines of Evidence 

Table 5.18 provides a summary of the otheddrainage LOEs gathered by previous studies. 
The WC AEU has been extensively studied. Studies were completed which encompassed 
several types of lines of evidence including tissue analysis, aquatic population measures, 
bioassay analysis and waterfowVwading bird evaluations. Results provide a LOE 
regarding the aquatic ecosystem condition within the WC AEU. Most of the studies 
capture historical conditions that have been altered in ways to remove chemical stressors. 
Thus, their findings provide a conservative characterization of biological communities 
and the bioavailability and toxicity of various contaminants. 6 

The Kaiser-Hill studies evaluated aquatic ecological conditions throughout RFETS over 
time (1999 through 2001). Results indicate that aquatic species are affected by habitat 
variables, but not by site contaminants. The limiting environmental factor is low surface 
water discharge. The WC AEU undergoes periods where flows are completely absent 
from portions of the system. The WC AEU predominantly provides seasonal habitat 
following periods of snowmelt or high rainfall events. Otherwise, habitat and aquatic 
ecology are extremely limited. 

Specifically, PCB concentrations in fish tissue collected from C-series ponds of the WC 
AEU were lower than maximum recommended body burdens (Eisler 1986) and were 
determined to pose no risks to fish or avian piscivores (Stiger 1994; DOE 1996). PCBs 
were also below detection limits in C-1 and C2 pond sediments from this study. PCBs 
were also below detection in most benthic invertebrate, fish, and sediment samples 
reported by DOE (1996). The Woman Creek benthic macroinvertebrate community was 
relatively rich and diverse with pollution sensitive taxa (Ephemeroptera) that indicate an 
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absence of adverse effects on benthic organisms (Ebasco 1992; Aquatic Associates Inc. 
2003). Sediment toxicity bioassays agree with the findings of low risk from these other 
studies, and found no toxicity to Hyalella azteca and Chironomus tentans in pond 
sediments (DOE 1996). 
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The discrepancy between site sediment toxicity and ESL exceedances, particularly by 
PAHs, may be due to the chemical properties of the sediment. Organic carbon (OC) in 
sediments binds nonpolar (non-ionic) organic contaminants to render them non- 
bioavailable (Mahony, et al. 1996). If the total organic carbon (TOC) in WC AEU 
sediments is higher than the 1 percent TOC assumed in the ESLs, then these ESLs will be 
more conservative than necessary to protect benthic organisms Higher OC in sediments is 
derived from decomposition of leaves and organic matter, producing a dark spongy soil. 
Site investigations indicate that stream and pond sediment is darker and richer in OC than 
the assumed 1 percent. Sediment accumulation areas in the ponds, streams (backwaters 
and pools), and marshy areas with emergent vegetation are likely to produce TOC-rich 
(>5 percent) and electrochemically-reduced sediments that will produce sulfide. Acid 
volatile sulfides (AVS) bind metals when the sediments are anaerobic (Ankley, et al. 
1996). Therefore, sulfide and TOC likely to be present in the soft sediments of low- 
energy microhabitats, including pond bottoms, will serve to detoxify metals and certain 
organic contaminants. 

There were no signs of contaminant stressors affecting the aquatic ecology. The studies 
determined that aquatic conditions were consistent over time and represent good 
ecological conditions relative to reference sites. There appeared to be no controlling 
factor affecting the ecology with the exception of habitat and low flow. 

5.5.4 Weight-of-Evidence Conclusions 

There were 3 surface water ECOPCs (all inorganic) and 30 sediment ECOPCs (15 
inorganic and 15 organic) evaluated using multiple LOEs within the contaminant risk 
characterization. The WOE analysis method was as stated in Section 5.1.3, above. 

Weight-of-evidence conclusions for the WC AEU can be summarized as: 

Magnitude of ESL or AT exceedances: 

All surface water contaminants showed low magnitude HQs for either primary 
ESLs or ATs. 

Sediment ESL-HQs were generally low ( d o )  for UTL and UCL-EPCs except for 
antimony, fluoride, 4-methylphenol, acenaphthene, benzo(g,h,i)perylene, and 
indeno( 1,2,3-cd)pyrene, and were less than 5 for all UTL and UCL comparisons 
to AT benchmarks. 

Spatial Distribution: 

0 Most surface water contaminants were not widespread and were unclustered., 
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' Most sediment contaminants were associated with areas that did not provide true 
aquatic habitat settings within the AEU (i.e. the SID). Certain ECOPCs were 
concentrated in ponds, however the pond-specific analysis of surface sediment 
often found that few measured concentrations were present. Most were at 
nondetect or less than ESL concentrations within surface sediment indicating a 
low risk concern. 

Frequency of Exceedances: 

Two of the three surface water contaminants had a very low frequency of HQ 
exceedances. Ammonia was more widespread. 

0 Most sediment ECOPCs had fewer than 20 percent of samples (detected) 
exceeding the ESL, except for fluoride and zinc. 

Change in surface water Exceedances over Time: 
0 Cadmium and silver have decreased to nontoxic levels in recently-collected 

samples. Recent changes in ammonia concentrations are unknown. 

Surface sediment MDCs were generally not different from the comprehensive 
sediment database ESLs and did not influence the potential for risk. In only a few 
cases were the MDCs lower in surface sediments (Al). 

0 

Drainage-specific habitat and ecological studies: 
0 Previous studies indicate that aquatic life within the WC AEU is primarily 

affected by natural conditions associated with the ephemeral and intermittent 
character of the drainage hydrology. There was no indication that contaminant 
stressors were affecting the ecology. In addition, the AT values based on acute 
exposure (instead of chronic) are most appropriate due to the intermittent nature 
of flows in the drainage. Those AT values yielded the lowest evidence of 
chemical risk. 

0 

Toxicity was not observed in pond sediment bioassays, indicating that PAHs, 
PCBs, and metals do not pose a potential for risk in pond habitat. 

0 Fish tissue residues were below toxicity thresholds for PCBs. 

Benthic macroinvertebrate communities were healthy. 

Prey items in the AEU does not pose a risk to avian piscivores and avian 
invertivores feeding in the WC AEU. 

In summary, the weight of evidence gathered from the risk characterization indicates that 
there is no or low potential for risk to the aquatic populations within the WC AEU caused 
from contaminant chemistry alone. The seasonal hydrologic regime and local topography 
are most important in determining the makeup of the local aquatic communities and in 
mitigating any small potential for chemical-based risk. The lack of toxicity in pond 
sediment bioassays also had a strong weight in this WOE. In contrast to the strong effects 
of intermittent flows and seasonal hydrologic regime, the observations indicating the 
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possibility of low, chemically-based risk were mostly based on uncertain toxicological 
endpoints and low and infrequent exceedances which would be unlikely to produce 
population and community effects, an observation supported by the various other LOEs 
and special studies. 

6.0 UNCERTAINTIES ASSOCIATED WITH THE ECOLOGICAL RISK 
ASSESSMENT 

Quantitative evaluation of ecological risks is limited by uncertainties regarding the 
assumptions used to predict risk and the data available for quantifying risk. These 
limitations are usually circumvented by making estimates based on the data available or 
by making assumptions based on professional judgment when data are limited. Because 
of these assumptions and estimates, the results of the risk calculations themselves are 
uncertain, and it is important for risk managers and the public to view the results of the 
risk assessment with this in mind. The following sections summarize the various sources 
of uncertainty in the CRA, along with a qualitative estimate of the direction and 
magnitude of the likely errors attributable to the uncertainty. 

6.1 Uncertainties Associated With Data Adequacy and Quality 

Volume 2 of the R W S  will discuss the general data adequacy and data quality, 
respectively, for the AEUs. Data of sufficient quality for ERA purposes were collected in 
surface water and sediment for each AEU. 

6.2 Uncertainties Associated with the Ecological Contaminants of Potential 
Concern Identification Process 

The ECOPC process was designed to eliminate contaminants that are not likely to be of 
ecological concern within the AEUs. This procedure included a comparison of MDCs to 
ESLs, a frequency of detection evaluation, a comparison to background, and an EPC 
screen against the ESL. Use of this ECOPC identification process ensures that only those 
ECOIs related to historic site operations of toxicological significance are retained for 
additional quantitative evaluation. 

6.2.1 Uncertainties Associated with Exposure Assumptions 

Exposure was quantified using conservative assumptions regarding the life history and 
behavioral parameters for this group of receptors. These parameters were used to estimate 
the amount of contact a receptor may have with contaminated media by various exposure 
routes. The following parameters were assumed as part of the exposure assessment: 

Aquatic receptors are exposed throughout their life cycle to ECOIs present within surface 
water and sediment within a given AEU; and 

Aquatic habitat is available year-round within a given AEU; therefore, receptors do not 
migrate to other areas (i.e., OU 3) in absence of suitable habitat and, thereby, integrate 
exposure elsewhere. 
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The use of these assumptions adds uncertainty to the CRA because they may not reflect 
actual site-related conditions. For example, flows within at least portions of all of 
the AEUs are seasonal. Because no species-specific studies were conducted to determine 
site-specific habitat use patterns for aquatic receptors, conservative assumptions had to be 
applied. Aquatic receptors were assumed to spend 100 percent of their life cycle within a 
given AEU. Therefore, there is uncertainty involved with estimating exposure to 
ECOPCs by using these techniques that could overestimate the actual risk to the 
receptors. 

0 

Finally, the relative bioavailability of ECOPCs in surface water and sediment can create 
significant uncertainty in the risk characterization process. Such uncertainty can affect the 
EPCs used to estimate bioavailable forms (for example, dissolved metal in solution) as 
well as the toxicity endpoints used to derive AT values (ATs). Surface water ATs for 
divalent metals, for example, are generally based on toxicity associated with the 
bioavailable forms, which is assumed to be represented by the contaminant in dissolved 
soluble form. ECOIs associated with the site, however, are in forms that may not be as 
readily absorbed by ecological receptors. 

Bioavailability and ecotoxicity of environmental contaminants are integrally linked to 
their environmental concentrations and contaminant forms (EPA 1999). The toxicity of a 
con taminan t is con trolled .by: 

Its environmental concentration; 

Its site-specific chemistry (especially its ionic solubility and speciation if a metal 
or metalloid); 

The physical matrix in which the contaminant is found; and 

The uptake pathway(s) into a target organism from its physical matrix. 

Organic carbon in sediments binds nonpolar (non-ionic) organic contaminants to render 
them non-bioavailable (Mahony et al. 1996). If the TOC in NN AEU sediments is higher 
than the 1% TOC assumed in the ESLs, then these ESLs will be more conservative than 
necessary to protect benthic organisms. TOC at RFETS waterbodies ranged from 0.05 to 
5.4 % (1.1 & 0.9 %; n=176). Higher OC in sediments is derived from decomposition of 
leaves and organic matter, producing a dark spongy soil. Site investigations indicate that 
pond sediment, averaging of 1.4 & 1.1 % TOC (n=58), is generally darker and richer in 
OC than the assumed 1%. Sediment accumulation areas in the ponds, streams 
(backwaters and pools), and marshy areas with emergent vegetation can produce TOC- 
rich sediment (>5%) and electrochemically-reduced sediments that will produce sulfide. 
Acid volatile sulfides (AVS) bind metals when the sediments are anaerobic (Ankley et al. 
1996). Therefore, sulfide and TOC likely to be present in the soft sediments of low- 
energy microhabitats, including pond bottoms, will serve to detoxify metals and certain 
organic contaminants. 

All of these factors helped determine the exposure matrix for organisms in the field. 
Because the interplay of these factors determines the site-specific bioavailability and, 
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thus, the potential expression of ecologically relevant effects, predictions of toxicity 
based solely on total concentrations in various environmental media have questionable 
scientific validity (EPA 1999). Therefore, assessment of ecological risks and the potential 
adverse effects of a contaminant required an understanding of the exposure matrix that 
may lead to actual uptake by a receptor species. The overall effect of the uncertainties 
related to unknown bioavailability may overestimate or underestimate the calculated 
risks. 
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6.2.2 Uncertainties Associated with Development of Ecological Screening Levels 

ESLs are typically based on information gained from laboratory and other carefully 
controlled experimental exposures described in the literature. This information is then 
used to extrapolate conditions likely to exist in the natural environment. The laboratory 
information often does not provide adequate background for these extrapolations. 
Consequently, assessment factors are often used to compensate for the many uncertainties 
inherent in the extrapolation from laboratory effects data to effects in natural ecosystems 
(Warren-Hicks and Moore 1998). Uncertainties can arise (Calabrese and Baldwin 1993) 
when extrapolations are made from: 

’ 

Acute to chronic endpoints; 

0 One life stage to an entire life cycle; 

0 Individual effects to effects at the population level or higher; 

0 One species to many species; 

0 Laboratory to field conditions; 

One to all exposure routes; 

Direct to indirect effects; 

0 One ecosystem to all ecosystems; andor 

0 One location or time to others. 

The net effect of these uncertainties may result in either an overestimation or 
underestimation of risk, depending on RFETS-specific conditions, the types of receptors 
included in the evaluation, and the particular ECOIs. 

The CRA Methodology presents a strict set of rules for applying toxicity data to develop 
ESLs for the ECOIs and to minimize uncertainty related to the extrapolations listed 
above. No procedures for the identification of toxicity data and eventual development of 
ESLs can eliminate the uncertainty inherent in the overall development process for ESLs. 
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6.3 Uncertainties Associated with ECOPCs with Elevated Reporting Limits 

For certain organic chemicals, the analytical reporting limits can vary significantly, 
especially for solid media analysis where the media may cause interference with the 
analytical method. At times the reported limit can be greater than the ESL and introduce 
an uncertainty into the risk characterization process. For this assessment, the organic 
sediment ECOPCs were evaluated to determine if reported limits do occur at levels 
greater than the ESL and the AT benchmarks. HQ distributions for these all ECOPCs are 
presented in Section 5 tables and differentiate between ESL exceedances by detected and 
nondetected concentrations. The evaluation of organic chemical ECOPC (in sediment) 
detection limit uncertainty was further assessed by completing an HQ distribution using 
the AT values. Table 6.1 provides a summary of the AT HQ distribution for these 
chemicals. As shown within this Table, the distribution is below an HQ of 10 for each 
chemical evaluated for each AEU (except for bromomethane in SW AEU with two 
values having HQs greater than 10). This demonstrates that the range of risk remains 
uncertain, however unlikely given the conservative nature of this comparison. When the 
detected value distribution is evaluated as compared to the detection limit distribution, 
the range of HQs can be put into perspective. The detected value distribution for these 
chemicals demonstrate HQs of less than 5 in all cases. The risk attributable to the 

, detected values would be considered low. The risk attributable to the detection limits is 
also likely to be low. 

0 
. 

6.4 Uncertainties Associated with the Lack of Toxicity Data for Ecological 0 , Contaminants of Interest 

Several ECOIs detected in the AEUs did not have adequate toxicity data available in the 
published literature for the derivation of ESLs (CRA Methodology). The ECOPC 
identification process identified ECOIs of uncertain toxicity for each AEU (Tables 6.2 . 

and 6.3). 

Several of these surface water ECOIs are not expected to pose a risk to aquatic 
organisms. Calcium, iron, magnesium, potassium, and sodium are considered 
macronutrients or rock-forming elements, and are not generally considered toxic to 
aquatic life. Radionuclide ESLs are available for all detected individual radionuclides 
and, therefore, the lack of ESLs for gross alpha and gross beta activities is not expected to 
affect the ERA. The potential for risk from these ECOPCs is uncertain. 

Benthic macroinvertebrate sediment ESLs were not available for certain inorganic, 
organic and radionuclide chemicals. Of these chemicals, calcium, iron, magnesium, 
potassium, and sodium are considered macronutrients or rock-forming elements, and are 
not generally considered toxic to aquatic life. Radionuclide ESLs are available for all 
detected individual radionuclides and, therefore, the lack of ESLs for gross alpha and 
gross beta activities is not expected to affect the ERA. The potential for risk from these 
ECOPCs is uncertain, but is likely to be low. 

This evaluation focused upon the assessment of ECOPCs within surface water and 
sediment exposure media to aquatic receptors. ECOPCs associated with one media can 0 
DEN/EO32005011 .Doc 141 



RCRA Facility Investigation - Remedial Investigation/ 
Corrective Measures Study - Feasibility Report 

Appendix A, Volume 15B2 
Aquatic Exposure Units 

transport to the other through various biological and physico-contaminant processes. It is 
possible that one media can act as a source of contamination to another. Of particular 
interest and concern to aquatic receptors is the possible dissolution of sediment associated 
ECOPCs to surface water. Because there was a lack of available ESLs for certain 
sediment contaminants for which there were surface water ESLs, it is possible that 
potentially toxic sediment-related contaminants could have been overlooked, despite 
being identified as surface water ECOPCs. In order to address this potential data gap, an 
evaluation of sediment ECOIs that lack ESLs, but not surface water ESLs, was 
completed. 

Tables 6.4 through 6.6 present the sediment ECOIs for each AEU that lacked ESLs and 
were identified as uncertainties. Within these tables, the AEU-specific surface water 
information is presented. For many of these contaminants, there was also a lack of 
surface water ESL information; therefore, these will remain contaminants of uncertain 
toxicity. Others had low frequencies of detection (less than 10 percent) in either surface 
water or sediment, occurred below background levels, were common elements with low 
toxicity and considered nontoxic, or were not identified as surface water ECOPCs as part 
of the screening process. The results for each AEU are as follows: 

For NW AEU there were inorganic, organic and radionuclide sediment ECOIs of 
uncertain toxicity (Table 6.4). Several of the inorganic and organic ECOIs had surface 
water ESLs available (beryllium, boron, chloride, cobalt, lithium, molybdenum, nitrite, 
stron ti um , thal1 i um , tin , urani um , van adi um , 1 , 2-di c h 1 oroe t h ane, 1. ,2-dichloroethene, 4- 
isopropyltoluene, 4-methyl-2-pentanone, acetone, benzoic acid and methylene chloride) 
to evaluate risks to aquatic organisms for the same ECOI in surface water. These ECOIs, 
for which there were surface water ESLs, were not identified as surface water ECOPCs. 
The uncertain contaminants for which there was no available surface water or sediment 
ESLs were calcium, cesium, magnesium, nitratehitrite, potassium, silica, silicon, sodium, 
sulfate, titanium, benzo(b)fluoranthene, di-n-octylphthalate, cesium-134, gross alpha and 
gross beta. The contaminants for which surface water ESLs were available were not 
identified as surface water ECOPCs as part of the screening process (with the exception 
of vanadium). Since the surface water data set from which this evaluation is 
comprehensive and represents surface water conditions since 1991, there is confidence in 
the conclusion that the sediment ECOIs of uncertain toxicity, do not pose a potential'for 
risk to surface .water organisms. Vanadium was addressed within the risk characterization 
as having a low risk to aquatic populations. No further evaluation of this pathway and the 
potential risk associated with these contaminants is necessary. 

For SW AEU there were inorganic, organic and radionuclide sediment ECOIs of 
uncertain toxicity (Table 6.5). Several of the inorganic and organic ECOIs had surface 
water ESLs available (beryllium, boron, chloride, cobalt, cyanide, lithium, manganese, 
molybdenum, nitrite, strontium, thallium, tin, vanadium, 1 ,I-dichloroethene, 1,2- 
dichloroethene, acetone, methylene chloride, and vinyl chloride) to evaluate risks to 
aquatic organisms for the same ECOI in surface water. These ECOIs, for which there 
were surface water ESLs, were not identified as surface water ECOPCs. The uncertain 
contaminants for which there were no available surface water or sediment ESLs included 
calcium, cesium, magnesium, nitrateinitrite, potassium, silica, silicon, sodium, titanium, 
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benzo(b)fluoranthene, benzoic acid, dimethylphthalate, di-n-octylphthalate, 
trichlorofluoromethane, cesium-134, gross alpha and gross beta. The contaminants for 
which surface water ESLs were available were not identified as surface water ECOPCs as 
part of the screening process (with the exception of cyanide). Since the surface water data 
set from which this evaluation is comprehensive and represents surface water conditions 
since 1991, there is confidence in the conclusion that the sediment ECOIs of uncertain 
toxicity, do not pose a potential for risk to surface water organisms. Cyanide was 
addressed within the risk characterization as having a low risk to aquatic populations. No 
further evaluation of this pathway and the potential risk associated with these 
contaminants is necessary. 

a 

For WC AEU there were inorganic, organic and radionuclide sediment ECOIs of 
uncertain toxicity (Table 6.6). Several of the inorganic and organic ECOIs had surface 
water ESLs available (beryllium, boron, cobalt, lithium, strontium, thallium, tin, 
vanadium, acetone, benzoic acid and methylene chloride) to evaluate risks to aquatic 
organisms for the same ECOI in surface water. These ECOIs, for which there were 
surface water ESLs, were not identified as surface water ECOPCs. These contaminants 
were not identified as surface water ECOPCs as part of the screening process. Since the 
surface water data set from which this evaluation was completed is comprehensive and 
represents surface water conditions since 1991, there is confidence in the conclusion that 
these contaminants not pose a potential for risk to surface water organisms. The uncertain 
contaminants for which there were no available surface water or sediment ESLs included 
boron, calcium, cesium, magnesium, molybdenum, nitratehitrite, potassium, silica, 
silicon, sodium, titanium, 2,4-dinitrophenol, 4-methyl-2-pentanone, 4,6-dinitro-2- 
methylphenol, benzo(b)fluoranthene, di-n-octylphthalate, cesium-134, gross alpha and 
gross beta. No further evaluation of this pathway and the potential risk associated with 
these contaminants is necessary. 

0 

Because the surface water data set from which this evaluation was completed is 
comprehensive and represents surface water conditions since 1991, there is confidence in 
the conclusion that the sediment ECOIs of uncertain toxicity do not pose a potential for 
risk to surface water organisms. No further evaluation of this pathway and the potential 
risk associated with these contaminants is necessary. 

6.5 Uncertainties Associated with Eliminating Ecological Contaminants of 
Potential Concern Based on Professional Judgment 

Professional judgment was not applied as part of the NW AEU, SW AEU and WC AEU 
ECOPC evaluation process. Therefore there is no uncertainty introduced as a result of 
this process. 

7.0 SUMMARY AND CONCLUSIONS 

This section provides a summary of conclusions drawn in regards to risk to aquatic life 
gathered from this report, and a summary of risk conclusions for waterfowl and wading 
bird receptors as identified from the DOE 1996 report. a 
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7.1 Aquatic Life Receptors 

Multiple L O B  were gathered to evaluate the aquatic risk conditions within the 
NW AEU, SW AEU and WC AEU. An evaluation of the contaminant risk potential was 
conducted using a standard HQ approach as well as other contaminant risk lines of 
evidence. Additional LOEs gathered from otheddrainage studies were also compiled with 
the contaminant risk evaluation in order to formulate a risk conclusion. 

The ECOPCs carried through the contaminant risk characterization process were 
characterized as having no or low risk potential. The HQ evaluation was a conservative 
approach that included both surface water and sediment ECOPCs. The spatial distribution 
evaluation indicated similar trends among the ECOPCs evaluated. There were few 
locations where observed concentrations exceeded ESL values. Detailed analysis of 
certain contaminants indicates the frequency and magnitude of the ECOPCs is not 
substantial compared to the ESLs and ATs indicating a low risk potential. 

The methods applied within the contaminant risk characterization likely overestimate risk 
conditions because data was evaluated on a point-by-point basis and conservative ESLs 
were applied throughout the process. Toxicity bioassays have confirmed that 
comparisons between site ECOPC concentrations and ESLs are a conservative 
assessment, because these bioassays found no to low toxicity in site sediment media (with 
the exception of Pond B-2 which would be an over conservative result given the 
accelerated action remedy that was implemented after the time period of the bioassay 
analysis). Refined ESLs and more realistic exposure considerations were integrated as 
final lines of evidence in order to provide a more realistic risk characterization. 

The aquatic conditions within the AEUs indicate that these drainages are limited by flow 
conditions and habitat. The aquatic life within the system is highly susceptible to changes 
in flow and, in turn, is represented as an opportunistic assemblage of aquatic 
invertebrates. There have been no studies to indicate water quality is a controlling factor 
to the ecology. 

In summary, the multiple LOEs support the weight-of-evidence conclusion that there is 
no significant risk to aquatic life within NW AEU, SW AEU and WC AEU attributable to 
ECOPCs. Past conditions in these watersheds determined through several habitat and risk 
evaluations support the conclusion that aquatic life is not significantly affected by 
residual chemical exposure. 

7.2 Waterfowl and Wading Bird Receptors 

The results of this assessment provide conclusions in regards to NW AEU, SW AEU and 
WC AEU risk settings for aquatic life species of fish, invertebrates and aquatic plants. 
Waterfowl and wading birds are also important receptors in regards to AEU exposure, 
however the purpose of this assessment did not encompass these receptors. The risk to 
waterfowl and wading birds had been previously evaluated within DOE 1996. The 
ECOPC process identified a small set of surface water ECOPCs requiring further 
evaluation. The risk characterization provided lines of evidence that found the surface 
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An evaluation of sediment-related ecological contaminants of concern (ECOCs) was 
completed in order to determine the potential exposure and risk conditions to two target 
receptor organisms representative of waterfowl and wading birds. The Great blue heron 
and Mallard were chosen as the target receptors for this evaluation. Standard methods for 
the determination of exposure, dose and risk were applied and are thoroughly described 
within the DOE 1996 document. 

ECOCs identified for these receptors included aroclor-1254, di-n-butylphthalate and 
mercury. Aroclor-1254 was detected in sediments from the DOE 1996 investigative 
studies (occurred pre-remedy of ponds B-1, B-2 and B-3) within the A- and B-series 
ponds with the highest concentrations in Ponds B-1 and B-2. Available data on PCB 
content of aquatic biota indicated negligible levels for birds feeding on fish, amphibians, 
or invertebrates from the ponds. However, biological tissue data were not available to 
evaluate the potential risk from all the ponds for which PCBs were detected in sediments. 
Therefore, site-specific data on uptake of PCBs by aquatic species were used to estimate 
the maximum concentration in sediments that would ultimately result in exposures of 
herons and mallards that are equal to or less than the toxicity reference value (TRV). 
Estimates were based on the organic carbon content of sediments and calculated for a 
range of levels of site use by the birds. 0 
Risk estimates also accounted for the effects of food chain length on biomagnificiation. 
Accumulation of PCBs in upper level consumers is proportional to the length of the food 
chain through which PCBs are transferred from sediments to top consumers. 
Calculations were made for two hypothetical food chains: 1) one in which a species such 
as fathead minnows that feed primarily on zooplankton and algae is the primary prey of 
aquatic-feeding birds, and 2) one in which the main food source is a piscivorous species 
such as largemouth bass. 

Results indicate that risks to herons or mallards are negligible if they feed on fish or 
invertebrates from lower trophic levels. However, herons may experience toxic exposures 
if they feed on upper level consumers from Ponds B-1, B-2, or B-3 more than about 40 
percent of the time. The communities in these ponds lack the upper trophic levels, but 
possible future introduction of predaceous fish or other upper level consumers could 
result in increased exposure to aquatic birds feeding there. 

Given that Ponds B-1, B-2, and B-3 have had an accelerated action closure where the 
sediments were removed and capped, the current and future exposure conditions to 
waterfowl and wading birds would be negligible. The findings from the DOE 1996 report 
in combination with the site remedy status for these ponds indicates that the risk to 
waterfowl and wading birds would be insignificant. 
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Table ES.1 
Surface Water ECOPCs in the AEUs 

T = Total 
D = Dissolved 
The ECOPC selection was conducted on the MDC, either dissolved or total. 
x = ECOPC. 
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Table ES.2 

Arsenic I I I 
Barium X X X - .  . 
Cadmium I X 1 X I X 
Chromium 

X X 

X 
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100-2 
100-3 

Page 1 of 7 DEN/M)32OOSOI I.xls 

IA  UBC 125 -Standards Labomtory UBC 125 17,736 Possible spills from calibration lab (mercury) 
IA  Building 11 1 Transformer polychlorinated 100-607 356 Transformer leak 

biphenyl (PCB) Leak 
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AEU IHSSs 

I I land Foundation Drain Floor I I I I 

tic 
Main Text 
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IA 
1A 

IA 

IA  

IA 
IA  
IA 
IA 

Radioactive Site West of Buildings 771/776 700-150 2(N) 27.1 13 Fire, explosion, tank overflows 
Radioactive Site 700 North of Building 774 700-163 1 18,613 Contammated equipment wash area 
(Area 3) Wash Area 

Radioactive Site 700 Area 3 Americium Slab 700-163 2 2.270 Buned contanunated Americium slab 8'x8'xlO 

Abandoned Sump Near Building 774 Unit 700-215 960 Mixed waste storage tank 

Hydroxide Tank, KOH, NaOH Condensate 700-139(N)(b) 342 Overtlowslspills from aboveground KOWNaOH tanks 
30.000-Gallon Tank (68) 700-124 1 1.1 33 Overflowsneaks from tank 
14.000-Gallon Tank (66) 700-1 24 2 Overtlowsfleaks from tank 
14,000-Gallon Tank (67) 700-124 3 Overtlowsfleaks from tank 

55 13 T-40 



9 9 

700-1 39.2 
700-146.1 

700- 146.2 

I 1 

700-126.2 370 Below-grade leakdovefflows 

918 
1,507 

Spills and leaks infiltrating surrounding soil 
Frequent tank ovefflows and leakage 

Frequent tank ovefflows and leakage 

I I 

000-1 21 Potential leaks and overflows 

1A 
IA 

IA . 

000-1 21 Potential leaks and overflows 

CaustidAcid Spills Hydrofluoric Tank 
Concrete Process 7,500-Gallon Waste Tank 
(31) 
Concrete Process 7,500-Gallon Waste Tank 

AEU IHSSs 

ank 8 - OPWL - East and West Process 

IA 
(32) 
Concrete Process 7.500-Gallon Waste Tank 
(34W 

700-146.3 Frequent tank overflows and leakage 

000-121 Potential leaks and overflows 

000-1 21 Potential leaks and ovefflows 

000-121 Potential leaks and ovefflows 

000-121 Potential leaks and ovefflows 

000-1 21 Potential leaks and ovefflows 

IA Concrete Process 7.500-Gallon Waste Tank 
(34W 

700- 146.4 Frequent tank overflows and leakage 

IA Concrete Process 7.500-Gallon Waste Tank 
(30) 

700-146.5 Frequent tank overflows and leakage 

IA Concrete Process 7,500-Gallon Waste Tank 700-146.6 Frequent tank overflows and leakage 
(33) 

IA 
1A 

I 

Radioactive Site Nonh of Building 771 700-1 50.1 24,779 Airborne, leaking drums, tracked contamination 
Radioactive Site Between Buildings 771 and 700-150.3 5.037 Broken process waste line 
774 

700-5 IA UBC 770 -Waste Storage Facility UBC 770 

DENIU)3200S01 I.xlr 

3, l l  I Possible leakage from stored waste containers 

Page 4 of 7 

I I 

700-6 IA IBuildings 712/713 CoolingTower Blowdown 
I IA ICaustidAcid Spills Hydroxide Tank Area 

700-137 14,962 Ground placement of tower sludgehlowdown water leaks 
700-139.1(S) 923 Multiple spills and leaks 



I I IProduction Facility I I I I 
IA 
I A  
IA 

~ 

Building 779 Cooling Tower Blowdown ~ 700- 138 
Radioactive Site South of Building 779 700-1 50 6 4,435 Tracked contamnation 
Radioactive Site Northeast of Building B779 700-150 8 13,054 Tracked contamnation 

14,962 ~ Underground cc&g tower water line break 
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Table 1.2 

Organics 
Radionuclides 

0 

1,411 NIA 128 
6,355 385 178 

0 

IwcAEu 

Organics 377 NIA '134 
Radionuclides 2.763 140 127 

Inorganics 862 382 88 
Organics 364 NIA 77 

I I 

sw AEU IInorganics I 6,404 I 1,299 I 132 I 

... I 

Radionuclides I 2,285 I 147 I 117 I 
N/A = Not available or applicable. 
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N/A = Not available or not applicable. 
-- = ECOl was eliminated from ECOPC process, or retained for further evaluation within the uncertainty analysis due to lack of an ESL. 
Bold "Yes" = ECOPC for the AEU 
' The values presented represent the un-ionized concentrations derived using the site-specific conversion factor of 1.24% (refer to Attachment 5) .  
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NIA = Not available or nor applicable. _ _  = ECOl was eliminated from ECOPC process. or retained for further evaluation within the uncertainty analysis due to lack of an ESL. 
Bold "Yes" = ECOPC for the M U  
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a : Toxicity Equivalency Factor (WHO, 1997). . 
b : TEQ (Toxicity Equivalence) Concentration = Sediment Concentration x TEF. For non-detects. the TEQ Concentration equals zero. 
c: The TEQ concentration used in the ESL screen is the maximum of all sampling locations for the medium. 
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' The values presented represent the un-ionized concentrations derived using the site-specific conversion factor of 1.56% (refer to Attachment 5) 
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Table 0 2.11 

?EQ (Toxicity Equivalence) Concentration = Sediment Concentration x TEF. For non-detects, the TEQ Concentration equals zero 
"The TEQ concentration used in the ESL screen is the maximum of all sampling locations for the medium. 
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95UCLs based on proxy values which include N D s  at 112 DL. 
Values denoted in parenthesis represent the MDC, used as the EPC when the MDC e the 95 Vn. and/or 95 UCL. 
HQ = Hazard Quotient. rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
( I )  A site-specific ESL was developed using site-specific water quality considerations of hardness (Attachment 5 )  
- = Could not be calculated due to lack of EPC. 
N/A = Not applicable or not appropnate 
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Table 5.2 

Values denoted in parenthesis represent the MDC. used as the EPC when the MDC < the 95 UTL andor 95 UCL 
HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
(1) A site-specific ESL was developed using site-specific water quality considerations of hardness (Attachment 5 )  
-- = Could not be calculated due to lack of EPC 
NIA = Not applicable or not appropriate 
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Table 5.3 

Values denoted in parenthesis represent the MDC, used as the EPC when the MDC c the 95 UTL andor 95 UCL. 
HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
N/A = Not applicable or not appropriate. 
-- = Could not be calculated due to lack of EPC. 
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Values in bold indicate HQs > 1. 
NIA = Not applicable or not appropriate. 
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Frequency and Magnitude of Aquatic Receptor HQs for NW AEU Surface Water and Sediment ECOPCs 
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Table 5.5 
Frequency and Magnitude of Aquatic Receptor HQs for NW AEU Surface Water and Sediment ECOPCs 

ITotal PCBs I 119(113) I 6 1 0 I 0 I 0 0% I 
Samples below detection limits are in parentheses. 
Risk Conclusions for this LOE: 
None = Sample concentrations do not exceed the ESL. 
Low = Low potential for Risk. Detected concentrations only exceed the ESL by low magnitude (HQs c 5) or exceedances - 
Retained = Potential for risk could not be excluded and further evaluation is required; Detected HQs > 5 and exceedances : 

Page 2 of 2 

Appenedix A 
Volume 15B2 Aquatic 

Main Text 



Table 0 5.6 

tiger, I994 
‘issues Analvsis 

PCB in the A-Series Ponds decrease downstream to where The time period from which this study was completed 
no PCBs were detected in Pond A-4, It is unlikely that 
sediments from RFETS would contribute PCBs to offsite 

The observed PCB concentrations from this study are 
comparable to the measured concentrations evaluated in 
the CRA. It is likely that any current or future 

represents an historic condition associated with RFETS. 

IOE, 1996 

reservoirs. In the A- and B- Series Ponds, four types of 
whole body tissues were analyzed: large mouth bass (40- 
58 uglkg), fathead minnows (14-479 ugkg), tiger 
salamanders (26-134 uglkg), and crayfish (BDL-9.5 
ug/kg). For the A-Series Ponds no consistent trends were 
observed for bioaccumulation. 

Concentrations of Aroclor-1254 ranged from BDL to 
average concentrations of 17 ug/kg for fathead minnows 
in Pond A-4, to 73 uglkg in fathead minnows in Pond A- 
5. The highest concentrations in tissues were not detected 
in samples from the ponds with the highest sediment 
concentrations. Largemouth bass in Pond A-2 had a BSF 
of 0.6. The sediments within the upper 15 cm had 
generally lower PCB concentrations than the deeper 
sediments, suggesting a lower risk to aquatic life than 
indicated by the earlier data. 

The time period from which this study was completed 
represents an historic condition associated with RFETS. 

,quatic Population Studies 
.basco, 1992 Nine species of fish were collected at RFETS; most in the 

Cyprinidae (minnow) family (6 species). Several ponds 
had very high populations of golden shiners and fathead 
minnows. Many aquatic organisms that are classified as 
“tolerant” were present. Two species of fish were collectec 
from the A-Series Ponds, fathead minnow and golden 
shiner. 

The time period from which this study was completed 
represents an historic condition associated with RFETS. 
The flows of water into and out of certain ponds have 
been altered. Therefore, the results of current conditions 
are likely different from those described within the study. 

bioaccumulation associated with PCBs left in place within 
the AEU would reflect those results observed from this 

Aquatic habitats at R E T S  have a high density of benthic 
macroinvertebrates. Fish species diversity in is naturally 
low, due to the harsh environmental conditions (e.g, 
intermittent streams). Most species were found in pools 
that offer refuge from drought conditions. The most 
disruptive factor to aquatic communities is the natural 
semiarid conditions. 

The observed PCB concentrations from this study are 
comparable to the measured concentrations evaluated in 
the CRA. It is likely that any current or future 
bioaccumulation associated with PCBs left in place withir 
the AEU would reflect those results observed from this 
study. Results occur at levels below tissue-effect 
thresholds (400 uglkg) for aquatic life. 
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Iquatic Assoc.. 1998 

Table 5.6 

Aquatic life in Walnut Creek is limited by stream flow, 
which has been modified from natural flow conditions. 
The findings indicated good habitat and a relatively 
healthy macroinvertebrate community, which typically 
equates to good water quality. There are no indications 
that pollution is limiting aquatic life. The species are 
controlled by the intermittent flows. 

Seven study sites along Big Dry Creek identified a total 01 
17 species of fish. Nine species of fish were native. In a 
recent inventory of streams in the Front Range and easterr 
plains streams conducted by the CDOW, most were 
classified as either abundant or common. The aquatic 
community of Big Dry Creek was represented by 18 
orders of macroinvertebrates including a total of 113 taxa 

IDOE, 1996 A total of 81 taxa were identified in the pond benthos 
samples. Ponds A- 1 and A-3 had the least pollution- 
tolerant communities of all ponds, including the D-Series 
Reference Ponds. Ponds A-2 and B-2 had the most 
pollution-tolerant communities. Ponds D- 1 and D-2 
(reference ponds) exhibited a wide range of community 
characteristics including the second lowest (Pond D-I) 
and highest (Pond D-2) diversity values. Data indicates 
that Pond A-4 may have been under the most persistent 
stress. Oligochaetes and dipterans were the dominant taxa 
from habitats with high physical variability. The highly 
variable environmental (physicochemical) conditions at 
RFETS may account for the dominance of these 

kreams at RFETS may be more limited by flows than Big 
)ry Creek, which receives perennial flows from Standley 
Leservoir. Fish populations may be more limited by flow 
t RFETS and make comparisons somewhat uncertain. 
'he study of Big Dry Creek represents only one year of 
quatic community data. Additionally, Big Dry Creek is 
nfluenced by adjacent real estate development and 
hanging stormwater conditions. 

Conclusions suggested a low risk for most native fish 
species. Streams at RFETS are the same stream type, 
Transitional foothills-plains, as the upper portion of Big 
Dry Creek. Comparisons can be made to the aquatic healt 
to Woman and Walnut Creeks and further emphasize that 
the limiting factors for aquatic systems in the Transitional 
foothills-plains stream type is habitat availability and 
limited flows. 

appears that the benthic macroinvertebrate populations 
studied within the A-Series Ponds are typical of what this 
watershed would be able to sustain and are not limited by 

communities in lower Walnut Creek are limited by 
physical conditions of the streams and ponds due to very 
limited or manipulated flows. Water management onsite 
and the general arid conditions of the stream types found 
in the general area control the types of aquatic 
communities that are possible. 

I 

h e  findings of this study describe the aquatic condition 
~i thin the lower portions of the Walnut Creek watershed. 
hey  do not reflect conditions within RFETS, but rather 
i e  conditions just inside the boundary, to off-site 
owngradient areas. In addition, findings reflect one 
ampling event in the spring of 1998. 

(This study provides more evidence that R E T S  aquatic 

I 
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species richness IS very low. were observed again and found in the same general 
locations as they were in 1992 

species. The dominant organisms were similar in each 
drainage, with dipterans most abundant in Walnut Creek. 
Ephemeropzern were abundant and included moderate to 
tolerant taxa. Trichoptera (caddisflies ) in Walnut Creek 
were generally present in higher numbers compared to 
other R E T S  drainages, likely due to the effluent- 
dominated flows. Amphipods are also found in higher 
numbers in Walnut Creek, found in the slower moving or 
standing water environments provided by the ponds. 

nature of ponds and streams obviously precludes the 
establishment of viable fish populations. 
Macroinvertebrate populations appear not as affected due 
to their ability to re-colonize newly inundated habitats anc 
their comparatively shorter life cycles. Macroinvertebrate 
communities in Walnut Creek are similar to those found i 
Rock Creek. 
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W, Inc.. 2003 This study developed an understanding of the factors Big Dry Creek illustrates many of the conditions seen at 
influencing aquatic life in Big Dry Creek and to determine stream is illustrated in this memorandum, the conditions of RFETS. Stream habitat quality and corresponding benthic 
if a more stringent unionized ammonia standard was and fish communities are higher and healthier in the upper 
necessary to protect the Johnny darter (Etheostornn 
nigrurn). The levels of unionized ammonia concentrations decrease with downstream locations to the point where entering into the Big Dry Creek drainage via Walnut and 
did not appear to be affecting the fish or macroinvertebrate water disappears. Flows increase in downstream locations Woman Creeks is of good quality albeit influenced by the 
communities. Upper reaches of the creek have higher 
quality fish and benthic communities than downstream Western Reservoir. Not until greater flows occur and 
locations. This is mainly attributed by the effects of flow runoff is received from surrounding urban land uses that 
and associated parameters on the health of aquatic the negative affects of flows including increased TSS is 

Although the conditions of a transitional foothills-plains 

lower sections of streams at R E T S  compared to 
conditions in Big Dry Creek is different. Flows on R E T S  reaches of streams compared to lower sections. Water 

along Big Dry Creek. This physical limitation at R E T S  is large buffering affect of Standley Reservoir and Great 
the overriding limitation on aquatic communities. 

communities. 

'epresents an historic condition associated with RFETS. 

observed. 

gathered from the A-Series Ponds. The results of the 
bioassays did not correlate to predicted toxicity associated 
with chemicals of concern using standard ecological risk 
tools of hazard quotient and hazard index assessment. 

Sioassay Analysis 
)OE, 1996 

- 
ISediment bioassay tests indicated no toxicity associated lThe time period from which this study was completed ITests indicated no toxicity associated with sediments 

b e  time period from which this study was completed 
:presents an historic condition associated with RFETS. 

with sediments gathered from the A-Series Ponds. Results 
of the bioassay tests do not reflect the high levels of 
toxicity indicated by HQs and HIS, especially in Pond A- 
1. 

The observed PCB concentrations from this study are 
comparable to the measured concentrations evaluated in 
the CRA. It is likely that any current or future 
bioaccumulation associated with PCBs left in place withir 
the AEU would mimic those results observed from this 
study. Therefore, the risk potential attributable to PCBs as 
related to bioaccumulation would be low. This indicates 
that receptors such as wading birds and waterfowl that arc  
exposed via ingestion of potentially contaminated prey are  
at minimal risk in regards to PCBs. 

I I I 

WaterfowWading Bird Evaluations 
;tiger. 1994 IResults of the deer mice and vole tissue analysis revealed 

that no PCBs were detected in any of the small mammal 
tissue samples (whole body) collected from around Ponds 
A-1 and A-3. Comparison to PCB food threshold values 
for birds revealed that PCB levels in fish do not exceed 
food concentration threshold values prescribed by DOE. 
These results suggest that PCBs have not bioaccumulated 
up the food chain further than the fish species collected at 
R E T S  and that both the PMJM and predatory birds are 
not threatened with PCB contamination from R E T S .  
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95UCLs based on proxy values which include NDs at 1/2 DL. 
Values denoted in parenthesis represent the MDC, used as the EPC when the MDC < the 95 UTI. and/or 95 UCL. 
HQ = Hazard Quotient, rounded to nearest whole number 
Values in bold indicate HQs > 1 
( I )  A site-specific ESL was developed using site-specific water quality considerations of hardness (Attachment 5).  
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Table 5.8 

95UCLs based on proxy values which include NDs at 1/2 DL. 
Values denoted in parenthesis represent the MDC, used as the EPC when the MDC < the 95 UTL and/or 95 UCL. 
HQ = Hazard Quotient, rounded to nearest whole number 
Values in bold indicate HQs > 1 
( I )  A site-specific ESL was developed using site-specific water quality considerations of hardness (Attachment 5). 
N/A = Not applicable or not appropriate. 
-- = Could not be calculated due to lack of EPC. 

.. 
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Table 5.9 

Values denoted in parenthesis represent the MDC, used as the EPC when the MDC < the 95 UTL and/or 95 UCL. 
HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
NIA = Not applicable or not appropriate. 
-- = Could not be calculated due to lack of EPC. 
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Table 5.10 
Hazard Quotient Evaluation of Surface Sediment ECOPCs in SW AEU 

Values denoted in parenthesis represent the MDC, used as the EPC when the MDC < the 95 UTL and/or 95 
HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
N/A = Not applicable or not appropriate. 
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Table 5.11 
Frequency and Magnitude of Aquatic Receptor HQs for SW AEU Surface Water and Sediment ECOPCs 

Samples below detection limits are in parentheses. 
Risk Conclusions for this LOE: 
None = Sample concentrations do not exceed the ESL. 
Low = L o w  potential for Risk. Detected concentrations only exceed the ESL by low magnitude (HQs > 5) or exceedances >20%. 
Retained = Potential for risk could not be excluded and further evaluation is required; Detected HQs > 5 and exceedances >20%. 
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T a b e  1) .12 

PCB concentrations in the B ponds decrease with 
distance downstream to the point where no PCBs 

The time period from which this sNdy was completed The observed PCB concentrations from this study arc comparable IO 

represents an historic condition associated with the measured concentrations evaluated in the CRA. It is likely that any 
were detected in the terminal pond; B 5. It is unlikely RFETS. 

IThercfore, the risk potential attributable to PCBs as related to 

current or fuNre bioaccumulation associated with PCBs left in place 
within the AEU would mimic those results observed from this study. that sediments from RFETS would contribute PCBs. I to any offsite reservoirs. 

. 

IOE. 1996 

Sedimnts from Pond BZ had higher mean 
concentrations than Pond B 1 or B3. It was speculate1 
that this was due to the presence of an outfall that 
historically entered into Pond B2. bypassing B 1. 

In the A and B ponds, four types of whole body 
tissues were analyzed: large mouth bass (40-58 
ugkg). fathead minnows (14479 ugkg). tiger 
salamanders (26 - 134 ug/kg). and crayfish (BDL - 
9.5 ug’kg). From these data for the B ponds, the PCE 
concentrations increased in tiger salamanders from 
the B I to B 2 ponds with no further specimens being 
found downstream increaxd in plants from B 1 to B 
4. and decreased in fathead minnows from B 4 to B ! 
PCB in fathead minnows from the Walnut Creek 
terminal pond at Indiana Street were even lower than 
concentrations in B 5 .  

Aroclor-IZ54 was the only PCB congener 
consistently detected in biota and sediments. Aroclo~ 
1260 was detected in only one biota sample from B 2 
and was not detected in sediment samples. 
Concentrations of Aroclor-I2S4 ranged from below 
detection limits IO average concenvations of 480 
ugkg for fathead minnows in pond B 4, to 160 ugkg 
in fathead minnows in pond B 5 .  The highest 
concentrations in tissues were not detected in 
samples from the ponds with the highest sediment 
concentrations. 

The ratio of Aroclor-I254 content in biota to that in 
sediments was calculated for ponds in which Aroclor 
1254 was detected in both sediments and biological 
samples. Tiger salamanders in Pond BI. had a BSF 
of 0.1, and 0.2 for Pond B 2. Fathead minnows had i 

BSF of 3.3 ion pond B 4. These values were 
comparable to BSFs estimated for aquatic biota in 
other studies (Rassmussen et al.. 1990. Macdonald el 
al.. 1993). 

The sediments within the upper 15 cm had generally 
lower PCB concenmtions than the deeper sediments 
suggesting a lower risk to aquatic life than indicatcd 
by the earlier data 

he time period from which this study was completed 
:presents an historic condition associated with RFETS 

I 
.quatic Populatlon Studies 

Page I Of s 

The observed PCB concentralions from this study arc comparable to 
the measured concentrations evaluated in the CRA. It is likely that any 
current or future bioaccumulation associated with PCBs left in place 
within the AEU would mimic those results observed from this study. 
Therefore, the risk potential attributable to PCBs as related to 
bioaccumulation would be low. Results occur at levels below tissue- 
effect thresholds (400 ugkg) for aquatic life. 
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indicates that Pond B 3. may be under the IMSI 
persistent chemical or physical stress. In this pond, 
oligochaetes and dipterans are the dominant taxa. 
These organism are good colonizers and frequently 
arc the dominant Iaxa from habitats with high 
physical variability. The highly variable 
environmental (physicochemical) conditions at 
RFETS may account for the dominance of colonizers 

Aquatic life in Walnut Creek is limited by sWam The findings of this study describe the aquatic 
flow. which has been modified from natural flow condition within the lower ponions of the Walnut 
conditions. However the assessmnt presented Creek watershed. They do not reflect conditions within and ponds due to very limited or manipulated flows. W a r  
findings of good habitat and a relatively healthy RFETS. but rather the conditions just inside the 
macroinvertebrate community, which typically boundary. to off-site downgradient areas. In addition. 
quales  Io good water quality. There are no findings must be taken with caution as there was only 
indications that pollution is limiting aquatic life. The one sampling event in the spring of 1998. 
observed species are controlledlaffected by the 
intermittent flows in the Creek. 

This study provides more evidence that RFETS aquatic communities ii 
lower Walnut Creek arc limited by physical conditions of the streams 

managemnt onsite and the general arid conditions of the stream types 
found in the general area control the types of aquatic communities that 
are possible. 
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Walnut Creek and further emphasizes that the limiting factors for 
aquatic systems in the Transitional foothills-plains stream type is 
habitat availability and limited flows. 

of streams in the Front Range and eastern plains 

included locations in Lower Walnut Creek. Pond an( 
impoundmnl surveys in 1999 revealed fathead 
minnows in all locations though it is unclear if all 
ponds and impoundments were surveyed. 

communities can occur in the lower reaches. Overall. fish species 
richness is very low. 

Wilh the exception of the bass observations. all fish 
species observed during the baseline study (Ebasco 
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03 streams at Rocky Flats are flow limited. In the RBP methods are not intended to sample large ponds. due to the obvious lack of permanent water. The macroinvertebrate 
effluentdominated reach of Uppcr Walnut Creek and Therefore. conclusions about the aquatic health of the community across all drainages was observed as being rich and 
the dischargedependent lower section of Walnut ponds cannot be made without som unccnainty. diverse, and coiqriscd mainly of hardy and tolerant species. 
Creek. bank erosion which results in poor bank 
stability and sedimnt inputs to the stream is the main Within the aquatic habitats that are present in Walnut Creeks. past 
problem that negatively affects physical habitat and studies provide a body of evidence that aquatic communities persist 
aquatic life. through t i m  and are comparable 10 other communities found on site 

and in other areas within the region. While only one fish species is 
Fish abundance and distribution in these streams is prevalent (Le.. fathead minnows), the manipulated nature of ponds and 
severely limited due to the obvious lack of permanent streams obviously precludes the establishment of viable fish 
water. Naturally self sustaining populations of fathead populations. However. macroinvenebrate populations appear not as 
minnows wen  found at site WC3 in South Walnut affected due to their ability to retolonize newly inundated habitats ani  

Creek between Ponds 8-4 and B-5 and site RC2 their comparatively shoner life cycles. Macroinvenebrate communitie 
below the Lindsey Pond. The macroinvertebrate in Walnut Creek are similar to those found in Rock Creek 
community across all drainages was observed as 
being rich and diverse. and comprised mainly of 
hardy and tolerant species 

The dominant organisms were similar in each 
drainage. with dipterans most abundant in Walnut 
Creek. Ephcmmptcra were relatively abundant 
rhroughout the drainages, and included moderate to 
tolerant taxa. Trichoptera (caddisflies) in Walnut 
Creek were generally present in higher numbers con 

L 

not appear to be affecting the fish or 
macroinvertebrate communities. baxd on 
concentrations present in the creek during the last 
five years. Unionized ammonia concentrations on the 
creek are generally below the stream water quality 
standard. 

Comparisons of study results to other, earlier studies c 

WE. hc.. The pulpose of the WWE assessment was to develop Although the conditions of a transitional foothills- IThis technical memorandum and review of data from areas 

downstream locations along Big Dry Creek. This 
physical limitation at RFETS is the overriding 
limitation on aquatic communities. 

albeit influenced by the large buffering affect of Standley Reservoir 
and Great Western Reservoir, It is not until w a t e r  flows occur and 
runoff is received from surrounding urban land uses that the negative 
affects of flows including increased TSS i s  observed. 

103 

Overall in Big Dry Creek, upper reaches of the creek 
generally have higher quality fish and benthic 
communities than downstream locations. Upstream 
locations also generally have higher habitat scores, 
better water quality, and lower flows. This mainly is 
attributed by the effects of flow and associated 
paamclers on the health of aquatic communities. 

oassay Analysis 
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Values denoted in parenthesis represent the MDC. used as the EPC when the MDC < the 95 UTL and/or 95 UCL. 
HQ = Hazard Quotient. rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
( I )  A site-specific ESL was developed using site-specific water quality considerations of hardness (Attachment 5 ) .  
NIA = Not applicable. 
-- = Could not be calculated due to the lack of an available EPC. 
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Values denoted in parenthesis represent the MDC, used as the EPC when the MDC e the 95 UTL and/or 95 UCL. 
HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
N/A = Not applicable or not appropriate. 
-- = Could not be calculated due to a lack of an available EPC. 
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Table 5.16 
Hazard Quotient Evaluation of Surface Sediment ECOPCs in WC AEU 

HQ = Hazard Quotient, rounded to nearest whole number. 
Values in bold indicate HQs > 1. 
N/A = Not applicable or not appropriate. 

DENIE03200501 I . X I S  Page 1 of 1 

Appenedix A 
Volume 15B2 Aquatic 

Main Text 



Table 5.17 
Frequency and Magnitude of Aquatic Receptor HQs for WC AEU Surface Water and Sediment ECOPCs 

Samples below detection limits are in parentheses. 
Risk Conclusions for this LOE: 
None = Sample concentrations do not exceed the ESL. 
Low = Low potential for Risk. Detected concentrations only exceed the ESL by low magnitude (HQs < 5) or exceedances RO%. 
Retained = Potential for risk could not be excluded and further evaluation is required; Detected HQs > 5 and exceedances >20%. 
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Aquatic Population Studies 
Ebasco, 1992 ]Nine species of fish were collected at R E T S ;  most in the lThe time period from which this study IAquatic habitats at R E T S  have a high density of 

There were no PCB concentratlons detected in Ponds C-1 The time penod from which this study 
and C-2 It is unlikely that sediments from R E T S  would was completed represents an hstoric 
contribute PCBs to any offsite reservoirs Fish tlssue conditlon associated with R E T S .  
samples collected from Ponds C-1 and C-2 contained only 
low levels of PCBs (400 ugkg). 

The observed PCB concentratlons from this study are 
comparable to the measured concentratlons evaluated 
in the CRA Therefore, the nsk potential attributable 
to PCBs as related to bioaccumulatlon is low Results 
occur at levels below tissue-effect thresholds (400 
ugkg) for aquatlc life 

Cyprinidae (minnow) family (6 species). Several ponds 
had very high populations of golden shiners and fathead 
minnows. Many aquatic organisms present are adapted to 
low stream flow conditions. The benthic 
macroinvertebrate community of WC AEU is relatively 
rich and diverse. Species richness for mayflies and 
caddisflies increase from headwater segments to the area 
east of Pond C-2 where flow decreasesdue to loss to 
groundwater. Fish communities are influenced by the 
presence of suitable substrates. The most common species 
included the golden shiner, white sucker and largemouth 
bass found in Pond C- 1. Aquatic vertebrates in Pond C-2 
were comprised of fathead minnows and tiger 
salamanders. 

was completed represents an historic benthic macroinvertebrates. Fish species diversity is 
condition associated with R E T S .  The naturally low, due to the harsh environmental 
flows of water into and out of certain conditions (e.g, intermittent streams) and the larger 
ponds have been altered. Therefore, the pools and ponds are required to support fish 
results of current conditions are likely populations. The most disruptive environmental factor 
different from those described within the to aquatic communities at R E T S  is the natural 
study. semiarid conditions. All streams have sections that are 

intermittent while others are fed by groundwater seeps 
that keep sections perennial. Aquatic communities on 
R E T S  thrive despite the environmental limitations. 
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Ponds D-1 and D-2 (reference ponds) exhibit a wide range 
of community characteristics including the second lowest 
(Pond D-1) and highest (Pond D-2) diversity values. A 
review of the benthic community data indicates that Pond 
C-l may be under the most persistent stress. In this pond, 
oligochaetes and dipterans are the dominant taxa. These 
organisms are good colonizers and frequently are the 
dominant taxa from habitats with high physical variability. 
The highly variable environmental (physicochemical) 
conditions at RFETS may account for the dominance of 
:olonizers. 

I 

,quatic 
.ssoc., 1998 

Seven study sites along Big Dry Creek were evaluated to Streams at RFETS may be more limited 
determine aquatic ecology characteristics. A total of 17 by flows than Big Dry Creek which 
species of fish were collected over the two seasons. Nine receives perennial flows from Standley 
species were native to streams in the South Platte River Reservoir. Fish populations may be more 
Basin. Five species (longnose dace, creek chub, white limited by flow at RFETS and make 
sucker, longnose sucker, and johnny darter) are common comparisons somewhat uncertain. The 
to cool water environments in transition-foothilYplains study of Big Dry Creek represents only 
stream types. Most of the native fish were classified as one year of aquatic community data. 
either abundant or common in a recent inventory of Additionally, Big Dry Creek is influenced 
streams in the Front Range and eastern plains streams by adjacent real estate development and 
conducted by the CDOW. The aquatic community of Big changing stormwater conditions. These 
Dry Creek was represented by 18 orders of conditions are not present at RFETS. 
macroinvertebrates including a total of 1 13 taxa. 

macroinvertebrate populations studied within the C- 
Series Ponds are typical of what this watershed would 
be able to sustain and are not limited by chemical 
stressors. 

Conclusions suggested a relatively low risk of 
imperilment for most native fish species. The fauna 
present upstream of the Broomfield Treatment Plant 
was representative of a transitional foothills-plains 
stream, while in downsteam areas the aquatic 
community was more representative of,plains stream 
habitats. Physical habitat and fluctuating stream flows 
are most likely limit the macroinvertebrate communit) 
in Big Dry Creek. Streams at R E T S  are the same 
stream type. Transitional foothills-plains, as the upper 
portion of Big Dry Creek. Comparisons can be made 
to the aquatic health to Woman and Walnut Creek and 
further emphasizes that the limiting factors for aquatic 
systems in the Transitional foothills-plains stream typt 
is habitat availability and limited flows. 
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Table 5.18 

(Pimephales promelas) were captured in all major 
streams are intemttent and illustrate the points that 

greater vanety of fish species in Woman Creek was for R E T S  streams and ponds expect that vibrant aquahc communihes, especially 
amibuted to the relatively large seep-wetland complexes 
that discharge into the Woman Creek drainage. Pond and 
impoundment surveys in 1999 revealed fathead minnows 
in all locations In Pond C- 1, fathead PR MOWS were 
captured along with smallmouth bass (Microprerus 
dolomieui) and creek chubs. Largemouth bass were 
collected just below Pond C-1 during the baseline study. It 
may suggest that the bass observed in 1999 may have beer 
misidentified. This study along with the earlier stream 
survey demonstrates the higher species richness in Womar 
Creek compared to other RFETS drainages. 

fish communities can occur in the lower reaches. 
Overall, fish species richness is very low. 

Page 3 of 5 

Appncdix A 
Volume lsBZ Aquatic 

Main Text 



0 
Table 5.18 

Woman Creeks, past studies describe aquatlc 

W E ,  Inc., 
003 

This study developed an understanding of the factors Although the conditions of a transitional 
influencing aquatic Life in the creek and whether a more foothills-plains stream is illustrated in this 
stringent unionized ammonia standard was necessary to memorandum, the conditions of lower 
protect the Johnny darter (Etheosfoma nigrum). The levels sections of streams at RFETS compared to 
of unionized ammonia concentrations do not appear to be conditions in Big Dry Creek is different. 
affecting the fish or macroinvertebrate communities. Flows on R E T S  decrease with 
Unionized ammonia concentrations on the creek are downstream locations to the point where 
generally below the stream water quality standard. Overall, water disappears. Flows increase in 
upper reaches of the creek generally have higher quality downstream locations along Big Dry 
fish and benthic communities than downstream locations. Creek. This physical limitation at RFETS 
Upstream locations also generally have higher habitat is the overriding limitation on aquatic 
scores, better water quality, and lower flows. This mainly communities. 
is attributed by the effects of flow on the health of aquatic 
communi ties. 

I 

Lioassay Analysis 

upper portion of Woman Creek. A single specimen of 
longnose dace was also collected. The dominant benthic 
macroinvertebrate organisms were similar in each 
drainage, with oligochaetes being dominant in Woman 
Creek. 

Comparisons of study results to other, earlier studies 
showed that community structure and abundance were ' 
somewhat similar to that found in Walnut, Woman and 
Rock Creeks during the 2001- 2002 study and are similar 
to other transitional foothills-plains and plains type 

This technical memorandum and review of data from 
areas downstream from RFETS in Big Dry Creek 
illustrate many of the conditions seen at RFETS. 
Stream habitat quality and corresponding benthic and 
fish communities are higher and healthier in the upper 
reaches of streams compared to lower sections. Water 
entering into the Big Dry Creek drainage via Walnut 
and Woman Creeks is of good quality albeit 
influenced by the large buffering affect of Standley 
Reservoir and Great Western Reservoir. It is not until 
greater flows occur and runoff is received from 
surrounding urban land uses that the negative affects 
of flows including increased TSS is observed. 

streams. 

communities that persist through time and are 
comparable to other communities found on site and in 
other areas within the region. While only one fish 
species is prevalent (i.e., fathead ~ ~ M O W S ) ,  the 
manipulated nature of ponds and streams obviously 
precludes the establishment of viable fish populations. 
However, macroinvertebrate populations appear not as 
affected due to their ability to re-colonize newly 
inundated habitats and their comparatively shorter life 
cycles. Macroinvertebrate communities in Woman 
Creek are similar to those found in Rock Creek. 
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WaterfowllW: 
DOE. 1996 Lesults of the exposure estimation indicated potential 

ignificant risk to the great blue heron attributable to the 
sonds. Mercury was identified as being of potential 
oncern within the C-Series Ponds. 

Chemical Loa 
DOE. 2004 

The co-located sediment, surface water 
and biota analysis completed for this 
study, represent a set of historic 
conditions. It is unlikely that current 
conditions would be comparable. This 
study likely represents worst-case 
conditions given that the analysis was 
completed pre-accelerated action. 

The results of this study provide a screening measure 
of potential chemicals of concern to wading birds and 
waterfowl. The results were compared to this CRA 
ECOPC risk characterization process. If for instance, 
mercury was identified in this CRA as being a risk 
issue. the information from this study would provide i 
line of evidence for those chemicals in particular. 

oncurrent HI analysis. associated with chemicals of concern using standard 
ecological nsk tools of hazard quotient and hazard 
index assessment. 

2 

)OE in order to understand chemical loading and release 
D offsite areas. These efforts involve significant amounts 
if sampling and interpretation for a given objective. The 
nformation gained from these studies helped to identify if 
given ECOPC would demonstrate source-related release 

iatterns (increased load down-gradient of a source), or 
vhether a given ECOPC demonstiates a pattern 
epresentative of background conditions (thus, not source 

purpose not necessarily in-line with 
ecological risk assessment needs. Loading section of the CRA (Attachment 4). 
analysis serves to identify sources and 
chemical patterns. The information does 
not always lend itself to toxicological 
interpretation. 

ECOPC and are provided in the professional judgmeo 

ng Analysis 
iite-wide surface water studies are routinely completed by lThe data were collected for a defined lThe results from this document were summarized by 

elated). 
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Table 6.2 
Siimmarv of Surface Water ECOIs Without ESLs 
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Table 63 
Summary of Surface Water ECOls Without ESLs 

x = Indicates ESL is unavailable. 
N/A = Indicates that the ECOl was not analyzed in the AEU. 
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Table 6.3 
Summary of Sediment ECOIs Without ESLs 

x = Indicates ESL is unavailable. 
N/A = Indicates that the ECOI was not analyzed in the AEU. 
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Table 6.4 

FD = was detected in less than 10% of the surface water or sediment samples. 
ND = was not detected in the surface water samples. 
Not a SW ECOPC = was not identified as an ECOPC for surface water as per the selection process. 
Not a SW Risk Concern = The nsk charactenzation detemuned that tlus chemical would not create an unacceptable nsk to aquatic populations. 
UC = Uncertam toxicity due to a lack of both surface water and sediment ESLs. 
N/A = Not avrulable or not applicable. 
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Table 6.5 

.. . 
CE = Common element that is associated with low toxicity. 
FD = was detected in less than IO% of the surface water or sediment samples. 
ND = was not detected in the surface water samples. 
Not a SW ECOPC = was not identified as an ECOPC for surface water as per the selection process. 
Not a SW Risk Concern = The risk characterization determined that this chemical would not create an unacceptable risk to aquatic populations. 
UC = Uncertain toxicity due to a lack of both surface water and sediment EsLs. 
N/A = Not available or not applicable. 
ND = Not detected. 
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Table 6.6 

CE = Common element that is associated with low toxicity. 
FD = was detected in less than 10% of the surface water or sediment samples. 
ND = was not detected in the surface water samples. 
Not a SW ECOPC = was not identified as an ECOPC for surface water as per the selection process. 
UC = Uncertain toxicity due to a lack of both surface water and sediment EsLs. 
NIA = Not available or not applicable. 
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Figure 2.17 
North Walnut Creek AEU 

Surface Water Sampling Locations 
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Figure 2.18 
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Figure 2.19 
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Figure 2.20 
North Walnut Creek AEU 

Surface Water Sampling Locations 
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Figure 2.24 

North Walnut Creek AEU 
Surface Water Sampling Locations 

for Plutoniurn-239/240 
KEY 

Sampling location 
0 >=ESL 
0 <ESL 

Q Nondetect 

CRA Methodology ESL = 18.7 pWL 

Standard Map Features 
I North Walnut Creek AEU 

Aquatlc Exposure UnR boundary 
. - - - -: Historical IHSSPAC I Pond - Perennial sbeam 
- Intermittent stream 
- - - - -  Ephemeral stream - - Siteboundary 

_ - _ _ -  

0 7 ? ! ,  1500 Feet 

Scale 1:18,0oO 
State Plane Coordinate Pmjaaion 

Colorado Central Zone 
Datum: NAD 27 





?MOO00 2082000 2084000 208EOW 208BOW 209OWO 

i4WO 

izooo 

moo 

IEWO 

Figure 2.26 
North Walnut Creek AEU 
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Figure 2.27 
North Walnut Creek AEU 

Surface Water Sampling Locations 
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Figure 2.29 
North Walnut Creek AEU 

Surface Water Sampling Locations 
for non-ionized Ammonia 
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Figure 2.30 
North Walnut Creek AEU 

Surface Water Sampling Locations 
for Cadmium (Dissolved) 
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Figure 2.32 
North Walnut Creek AEU 

Surface Water Sampling Locations 
for Lithium (Total) 
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Figure 2.41 
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Figure 2.42 
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Sediment Sampling Locations 
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Figure 2.48 
North Walnut Creek AEU 

Sediment Sampling Locations 
for CODDM 

KEY 

Sampling location 
0 >=ESL 

0 <ESL 

Q Nondeted 

CRA Methodology ESL = 31.6 m@g 

Standard Map Features 
I 1  North Walnut Creek AEU 
0 Aquatic Exposure UnH boundary 
I::::: Historical IHSSPAC 
0 Pond - Perennial stream 
- Intermittent stream 
- - - - -  Ephemeral stream - - Slteboundary 

0 750 1500 Feel 
P 

Scale 1:18,OOO 
State Plane Cowdinate Pmjaction 

Colorado Central Zone 
Datum: NAD 27 

US. Deparbnent of Energy 
Rocky Flats Environmental 
Technology Site 



f B 



-0- 

OW060Z W088OZ 0009eoz OOObsoZ oooz8oz ooweoz 



54000 

52000 

50000 

Figure 2.51 
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Sediment Sampling Locations 
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Figure 2.54 
North Walnut Creek AEU 

Sediment Sampling Locations 
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Figure 2.55 
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Sediment Sampling Locations 
for Selenium 
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Figure 2.56 
North Walnut Creek AEU 

Sediment Sampling Locations 
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Figure 2.57 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Zinc 
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Figure 2.58 
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Sediment Sampling Locations 
for Total PAHs 
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Figure 2.59 
North Walnut Creek AEU 

Sediment Sampling Locations 
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Figure 2.61 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Acanaphthene 
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Figure 2.62 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Anthracene 
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Figure 2.63 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Total PCBs 
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Figure 2.65 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Atrazine 
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Figure 2.66 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Benzo(a)anthracene 

KEY 

Sampling location 
0 >=ESL 

0 <ESL 

0 Nondetect 

CRA Methodology ESL = 108 ugkg 

Standard Map Features 
I North Walnut Creek AEU 

. -: Historical IHSSPAC 
I Pond 
- Perennial stream 
- lntermbnt stream 

Ephemeral stream 
= - Siteboundary 

Aquatic Exposure Unit boundary _ _ - _ _  

_ _ _ _ _  

0 150 1500 Feet 
P 

Scale 1:18,OOO 
Stete Plane Coordinate Projection 

Colorado Central Zone 
Datum: NAD 21 

J.S. Department of Energy 
h k y  Flats Environmental 
rachnology Site 



-0- 

0000602 wo63oz 0009802 



2080000 2082000 2084000 2088000 2088000 2090000 

i4wo 

i2000 

iMHK) 

18000 

2od000 2086000 2odooo 

Figure 2.68 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Benzo(g,h,i)perylene 
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Figure 2.69 
North Walnut Creek AEU 
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Figure 2.70 
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Sediment Sampling Locations 
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Figure 2.73 
North Walnut Creek AEU 

Sediment Sampling Locations 
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Figure 2.74 
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Sediment Sampling Locations 
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Figure 2.77 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Phenanthrene 

KEY 

Sampling location 
0 >=ESL 

0 CESL 

0 Nondetect 

CRA Methodology ESL = 204 ugkg 

Standard Map Features 
North Walnut Creak AEU 
0 Aquatic Exposure Unit boundary 
- - - -: Historical IHSSPAC 

Pond 

_ _ _ _ _  
- Perennial stream 
- lntermlttent stream 

Ephemeral stream - - Siteboundary 
_ _ _ _ _  

0 750 1500 Feel 
P 

Scale 1:18,Ww 
State Plana Cowdinate Pmjaaion 

Colorado Central Zone 
Datum: NAD 21 

US. Department of Energy 
Socky Flats Environmental 
rechnology Site 



i4wo 

izooo 

moo 

I8000 

noebooo nodow m6000 20d0w 209bWO 

Figure 2.78 
North Walnut Creek AEU 

Sediment Sampling Locations 
for Pyrene 
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Figure 2.79 
South Walnut Creek AEU 
Surface Water Results for 

Mercury (Dissolved) 
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Figure 2.80 
South Walnut Creek AEU 
Surface Water Results for 

Thallium (Total) 
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Figure 2.81 
South Walnut Creek AEU 
Surface Water Results for 

4,4-DDD 
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Figure 2.83 
South Walnut Creek AEU 
Surface Water Results for 
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Figure 2.84 
South Walnut Creek AEU 
Surface Water Results for 

Carbon disulfide 
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Figure 2.86 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Barium (Total) 

KEY 

Sampling location 
0 >=ESL 
0 <ESL 

0 Nondetect 

CRA Methodology ESL = 0.438 mgL 

Standard Map Features 
South Walnut Creek AEU 
0 Aquatic Exposure Unk boundary ~ _ _ _ _  -: Historical IHSSPAC 

Pond 
- Perennial stream 
- Intermittent stream 
- - _ - _  Ephemeral stream - - Slteboundary 

0 'W- 2WO Feet 

Scale 1:24000 
State Plane Coordinate Pmjactlon 

Colorado central zone 
Datum: NAD 27 



. 

i4wo 

i2000 

io000 

l8WO 

Figure 2.87 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Beryllium (Total) 
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Figure 2.88 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Fluoride (Total) 
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Figure 2.90 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Lithium (Total) 
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Figure 2.91 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Nitrite 
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Figure 2.92 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Selenium (Total) 
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Figure 2.93 
South Walnut Creek AEU 

Surface Water Sampling Locations 
r 1 ,l ,2-Trichloro-l,2,2-trifluoroethan1 
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Figure 2.94 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Bis(2-ethylhexyl)phthalate 
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Figure 2.96 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Uranium-233/234 
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Figure 2.97 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Uranium-238 
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Figure 2.98 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for non-ionized Ammonia 
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Figure 2.99 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Cadmium (Dissolved) 
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Figure 2.100 
South Walnut Creek AEU 

Surface Water Sampling Locations 
for Cyanide 
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Surface Water Sampling Locations 
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Figure 2.103 
South Walnut Creek AEU 

Sediment Sampling Results for 
2-methylnaphthalene 
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Figure 2.104 
South Walnut Creek AEU 

Sediment Sampling Results for 
4,4-DDE 
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Figure 2.105 
South Walnut Creek AEU 

Sediment Sampling Results for 
Crnethylphenol 
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Figure 2.106 
South Walnut Creek AEU 

Sediment Sampling Results for 
Benzyl alcohol 
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Figure 2.107 
South Walnut Creek AEU 

Sediment Sampling Results for 
Heptachlor epoxide 
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Figure 2.108 
South Walnut Creek AEU 

Sediment Sampling Results for 
Gamma-BHC (Lindane) 
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Figure 2.109 
South Walnut Creek AEU 

Sediment Sampling Results for 
Pentachlorophenol 
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Figure 2.113 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Mercury 
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Figure 2.1 15 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Selenium 
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Figure 2.117 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Aluminum 
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Figure 2.125 

South Walnut Creek AEU 
Sediment Sampling Locations 

for Zinc 
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Figure 2.126 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Total PAHs 
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Figure 2.127 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Acenaphthene 
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Figure 2.132 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Benzo(a)anthracene 
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Figure 2.134 
South Walnut Creek AEU 

Sediment Sampling Locations 
for Benzo(g,h,i)perylene 
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Figure 2.140 
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Figure 2.154 
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for Thallium (Total) 

KEY 

Sampling location 
0 .=ESL 

0 cESL 
Q Nondetect 

CRA Methodology ESL = 0.01 mg/L 

Standard Map Features 
Woman Creek AEU 

0 Aquatic Exposure UnR boundary 
I -: Historical IHSSPAC 
0 Pond 
- Perennial stream 
- lntermlttent stream 
_ _ _ - _  Ephemeral stream - - Siteboundary 

r - - _ _  

2- Feel 0 1250 
I 

Scale 1:30,OOO 
State Plana Coordinate Pmjection 

Colorado Central Zona 
Datum: NAD 27 

U.S. Department of Energy 
Rocky flats Environmental 
Technology Site 



i6wo 

i4000 

i2000 

iOw0 

I8000 

16000 

14000 

I2000 

756000 

754000 

2078WO 2080000 2082000 2086000 2088000 2090000 2092MM 2094000 Woman Creek AEU 
Surface Water Sampling Locations 

for Americium-241 

KEY 

Sampling location 
0 >=ESL 

0 <ESL 
Q Nondetect 

CRA Methodology ESL = 43.8 p C i  

207$wD zo86000 2081000 20d000 2086000 208$000 2wd000 m I W 0  2osa000 

746Mx1 

. 

7520 

744000 

7500 

-6. 
742wO 

Standard Map Features 
I 1  Woman Creek AEU 
0 Aquatic Exposure Unit boundary 
: - - - -: Historical IHSWAC a Pond 
- Perennial stream 
- lntermlttent stream 
_ _ - - -  Ephemeral stream 
I - Siteboundary 

.____ 

2500 Feet 0 1250 
I 

Scale 1:3O,ow) 
Stete Plane Cundlnate Pmjectlon 

Colorado Central Zone 
Datum: NAD 27 



I I I I I I I 

,,' I I I v- 

.Ist 

? 1 I 9- I I I I I I I I I I I 

4
 

It 



is000 

A000 

82000 

m 0  

I8000 

I6000 

14000 

12000 

207b000 zOsb000 2081000 20d000 msb000 2088000 209dWO 2091000 2094000 

7560 

7540 

7520 

7500 

7480 

7460 

7440 

7420 

Figure 2.158 
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Figure 2.161 
Woman Creek AEU 

Surface Water Sampling Locations 
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Figure 2.176 
Woman Creek AEU 

Sediment Sampling Locations 
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Figure 5.25 Data Distribution for 2-Methylnaphthalene in NW AEU Sediment 
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Figure 5.31 Data Distribution for Benzo(a)anthracene in NW AEU Sediment 
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Figure 5.36 Data Distribution for Chrysene in NW AEU Sediment 



2000 - 

1800 

1600 

1400- 
A 

m 
2. 1200 

'= 1000 E 8 800 

8 600 

c 
0 

CI 

C 

400 - 

3500 

3000 

I 

I 

J 

I 
- .r c r-----------& a u n n ee o o er .r .r E-- - 4ad- o 

P 2500 
3 

0 
'E 2000 

3 

s 
1500 

0 

0 1000 

500 

0 

Figure 5.37 Data Distribution for Dibenz(a,h)anthracene in NW AEU Sediment 

Figure 5.38 Data Distribution for Fluoranthene in NW AEU Sediment 
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Figure 5.52 Data Distribution for Cadmium in SW AEU Sediment 
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Figure 5.56 Data Distribution for Silver in SW AEU Sediment 
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Figure 5.63 Data Distribution for Benzo(a)pyrene in SW AEU Sediment 
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Figure 5.67 Data Distribution for Carbazole in SW AEU Sediment 
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Figure 5.68 Data Distribution for Chrysene in SW AEU Sediment 
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Figure 5.69 Data Distribution for Dibenz(a,h)anthracene in SW AEU Sediment 
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Figure 5.71 Data Distribution for Fluorene in SW AEU Sediment 
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Figure 5.72 Data Distribution for Indeno(l,2,3-cd)pyrene in SW AEU Sediment 
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Figure 5.77 Data Distribution for Silver (dissolved) in WC AEU Surface Water 
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Figure 5.91 Data Distribution for 4-Methylphenol in WC AEU Sediment 
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Figure 5.92 Data Distribution for Acenaphthene in WC AEU Sediment 
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Figure 5.93 Data Distribution for Anthracene in WC AEU Sediment 
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Figure 5.94 Data Distribution for Aroclor-1254 in WC AEU Sediment 
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Figure 5.97 Data Distribution for Benzo(g,h,i)perylene in WC AEU Sediment 
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Figure 5.98 Data Distribution for Benzo(k)fluoranthene in WC AEU Sediment 
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Figure 5.99 Data Distribution for Chrysene in WC AEU Sediment 
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Figure 5.100 Data Distribution for Fluoranthene in WC AEU Sediment 
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Figure 5.101 Data Distribution for Heptachlor in WC AEU Sediment 
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Figure 5.102 Data Distribution for Indeno(l,2,3-cd)pyrene in WC AEU Sediment 
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Figure 5.103 Data Distribution for Phenanthrene in WC AEU Sediment 
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Figure 5.104 Data Distribution for Pyrene in WC AEU Sediment 


